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1.0 INTRODUCTION

1.1 PURPOSE

The preferred alternative in the proposed plan for the 1301-N and 1325-N Cribs/Trenches
(currently undergoing regulatory review) requires the removal and disposal of contaminated
material at the Environmental Restoration Disposal Facility (ERDF) (DOE-RL 1997). Various
methods are available for excavation, transportation, and disposal of the material at ERDF. This
study will evaluate the issues associated with the various methods, focusing on radiation
exposure and safety hazards. Furthermore, the study will develop and compare options to
implement the preferred alternative.

12 OBJECTIVES

The specific objectives for this study are as follows:

Evaluate methods to excavate, transport, and dispose of 100-N Crib/Trench waste
Develop remediation options based on combinations of the various methods

Perform a dose and cost evaluation for each option
Identify a preferred option.

1.3 REPORT STRUCTURE

This report is divided into seven main sections. Sections 1.0 and 2.0 provide the scope,
objectives, and background information. Section 3.0 presents criteria to evaluate remediation
options. Section 4.0 presents the basis to develop remediation options. Section 5.0 presents
radiation dose evaluation and cost estimate results for each option. Section 6.0 presents issues
that may need to be addressed during remedial design. Section 7.0 presents conclusions and
recommendations.

Subsequent to the publication of revision 0 of this engineering study, additional characterization
of the 1301-N and 1325-N Cribs and Trenches was conducted as recommended in Chapter 6.0.
The results of that characterization are reported in the Data Summary Report for 116-N-1 and
116-N-3 Facility Sampling to Support Remedial Action Design (BHI 1999). The 1998 data
supersede the data presented in Appendix A. Remediation volumes presented in Appendix B are
superseded by volumes presented in Appendix E, Attachment 2, and dose modeling in Appendix
C has been replaced by the estimates in Appendix E, Attachment 1. The characterization results
indicated that the remediation options presented in Section 4.4 and discussion and conclusions
presented in Sections 5.0, 6.0 and 7.0 are no longer applicable and that a2 new option needs to be
evaluated. The new option and revised conclusions are discussed in the Addendum to the
100-NR-1 Treatment, Storage, and Disposal Units Engineering Study (Appendix E).

1-1
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2.0 BACKGROUND

2.1 1301-N CRIB AND TRENCH

The 1301-N unit is located in the 100-NR-1 Operable Unit, approximately 240 m (800 f) from
the Columbia River (Figure 2-1). The 1301-N unit is composed of two parts: a crib and a
zig-zag trench. The crib area is approximately 88 m (290 £) long by 38 m (125 ft) wide and
about 1.5 m (5 ft) deep. The elevation at the bottom of the crib is 137.16 m (450 ft) above mean
sea level (amsl), and the surrounding grade is approximately 138.68 m (455 ft) amsl. A sloped
soil and gravel embankment forms the walls of the crib.

An underground 91-cm (36-in.)-diameter main effluent line from the 105-N lift station
discharged into the crib through a 16- by 3.7-m (52- by 12-ft) concrete weir box, which was

initially open on top. The weir box, commontly referred to as the “horse trough,” was designed to
fill and then overflow into the crib. Also discharging into the crib was an underground

30-cm (12-in.)-diameter effluent drain line from the N-Reactor basin floor drains.

The bottom of the crib was initially filled with a 0.9-m (3-ft) layer of large boulders. In early
1981, an additional 0.6-m (2-ft) layer of smaller boulders was added to the top of the large
boulders to cover surface contamination. This layer started near the weir box and extended
northeast approximately 31 m (100 ft) along the length of the crib. During August and
September 1988, the entire crib was covered with cobble-sized material to an additional depth of
1.2t0 1.5m (4 to 5 ft) (BHI 1996). Consequently, for remedial design purposes, the actual depth
of the rocks and boulders may vary throughout the crib from as little as 2.1 m (7 £) to as much as
3.4m (11 f1).

The 1301-N zig-zag trench was constructed in 1965 and is 490 m (1,600 &) long by 3 m (10 fi)
wide at the bottom and 3.7 m (12 ft) deep with sloped side walls. Water spilied over the weir in
the dike on the north side of the crib into the trench. Boulders and cobbies were not placed in the
trench as they were in the crib. Wooden poles laid across the trench were used to support wire
screen to prevent bird intrusion.

In early 1982, precast concrete panels were installed to cover the trench to minimize wildlife
intrusion and airborne contamination. These panels created a 15-m (50-ft)-wide cover over the
top of the trench. The panels are supported by concrete foundations and beams; the panels span
the trench. The wooden poles and wire mesh were left in place. The gap between the ends of the
cover panels and the trench walls was backfilled to prevent wildlife intrusion. The joints
between adjacent panels, extending across the trench along the support beams, were grouted.
After backfilling, the side slopes outside the cover were sprayed with a layer of shotcrete to
prevent erosion and rodent intrusion.

In 1993, a limited field investigation was performed. Part of the scope of this investigation was
to drill an exploratory boring in the 1301-N Crib to determine potential impacts to groundwater
from crib contamination. Site preparation for drilling consisted of placing a drill pad that
consists of 0.61 m (2 f) of clean fill over part of the crib to provide shielding during drilling

2-1
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operations. This drill pad material was included in contaminated volume calculations presented
in this report.

2.2 1325-N CRIB AND TRENCH

Routine sampling of riverbank springs in 1982 showed an increase in radionuclide concentrations
reaching the river, indicating reduced effectiveness of the 1301-N unit to retain radionuclides in

“the soil column. This sampling led to the construction of the 1325-N Crib. To transfer effluent
to 1325 N, the 1301-N weir box was modified by adding two 91-cm (36-in.)-diameter, discharge
pipelines (opposite the inlet lines) and a cover.

The 1325-N unit was also comprised of two parts: a crib and a straight trench. The 1325-N Crib
was constructed and operational in October 1983 as a replacement for the 1301-N unit that had
reached its disposal capacity. The 1325-N unit operated until April 1991, and the unit was
dismantled in 1993. The 1325-N unit is located approximately 300 m (1,000 ft) east and 61 m
(200 ft) north of the 1301-N unit (Figure 2-1).

The 1325-N Crib is 76 by 73 m (250 by 240 ft) and has a concrete cover positioned about 4 m
(13 ft) below the surrounding surface grade, which is about 137 m (451 ft) amsl. The coveris
made of precast concrete panels with grout-sealed joints.

Effluent was delivered to the 1325-N Crib through a 366-m (1,200-ft)-long by 91-cm (36-in.)-
diameter pipeline. A reinforced concrete-header, box-and-trough system distributed the effluent
in the 1325-N Crib. Effluent entered from the 91-cm (36-in.) pipeline into the main distribution
trough that runs down the center of the crib. The effluent flowed through holes in the sides of the
main distribution trough into the distribution laterals. Similar holes in the sides of the
distribution laterals allowed the effluent to evenly discharge to the soil column.

The 1325-N Crib did not achieve its designed flow capacity because of low percolation rates in
the soil columm; therefore, the 1301-N unit was used as an alternate discharge point to prevent
the 1325-N Crib from overflowing (BHI 1996). During October and November 1983, the crib’s
capacity was exceeded two or three times causing it to overflow. Each overflow traveled no .
more than 6.1 to 9.1 m (20 to 30 ft) from the crib’s concrete cover. All contamination stayed
within the fenced boundary, and each overflow was covered with a 15- to 20-cm (6- to 8-in.)
layer of clean 2.5- to 5-cm (1- to 2-in.) river rock. After these initial incidents, the flow to

1325 N was controlled to prevent any further overflows.

Construction of the 1325-N straight extension trench started 3 months after the crib began
operation (BHI 1996). The 1325-N straight extension trench was operational in September 1985.
The trench is 914 m (3,000 ft) by 16.8 m (55 ft) and is 3.05 m (10 ft) deep from the bottom of the
concrete panels to the soil percolation surface, which is at an elevation of 133.2 m (437 ft) amsl.
This trench is also covered with precast concrete panels placed close together, but left unsealed;
the panels have lifting lugs. Centracore™ concrete panels measuring 0.6 m (2 ft) by 20.3 cm

(8 in.) were placed unsealed along the sides of the trench. The sides of the trench were
backfilled, which created a minimum barrier of 0.9 m (3 ft) for burrowing ammals.

2-2
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The trench 1s divided into four equal sections by three dams. Only the first 226 m (740 ft) of the
1323-N Trench were used, as effluent levels never rose high enough to cross the first dam. The
dams are composed of structural fill and concrete. A layer of riprap was added on the
downstream side of each dam to prevent scouring. The top 0.6 m (2 ft) of the trench bottom was
dredged periodically to remove the fines to enhance percolation and reduce plugging.

In September 1985, 1325 N became the primary liquid waste disposal facility at 100 N, and

1301 N was used only as an emergency discharge point. In December 1986, N Reactor was
placed on standdown status for an extended maintenance and safety upgrade. Thus, discharges to
1325 N decreased significantly and ceased in April 1991.

2.3 LIMITED FIELD INVESTIGATION AND CORRECTIVE MEASURES STUDY
RESULTS

A limited field investigation (LFI) (DOE-RL 1996a) was conducted in 1995 to investigate the
contaminant and moisture distribution in soil beneath the 1301-N and 1325-N units. Three
boreholes (199-N-107A, 199-N-108A, and 199-N-109A) were drilled at the facilities

(Figure 2-2). Borehole 199-N-107A was drilled within the 1301-N Crib, while boreholes
199-N-108A and 199-N-109A were drilled adjacent to the 1301-N Trench and 1325-N Crib,
respectively. The analytical results from the boreholes are presented in Appendix A.

Field investigations showed that soil contaminant concentrations were highest near the base of
the facilities and decreased dramatically with depth. Principal radionuclides were the same at
both 1301 N and 1325 N and include cobalt-60, cesium-137, strontium-90, europium-152,
europium-154, tritium, and plutonium-239/240. Chemical contamination (nitrate, mercury, and
chromium in 1301 N) may also be present.

In addition to the LFI boreholes, historical operations’ data from the surface samples taken from
1980 to 1985 were used to support the LFI (DOE-RL 1996a). The quality of these data cannot be
determined due to a lack of QA/QC documentation; however, these data were still used to
support this study. However, additional sampling must be implemented in the design phase to
confirm the surface sample values. Locations for these samples are shown in Figure 2-3, and the
analytical results are presented in Appendix A.

A corrective measures study (CMS) dose estimate showed higher radiation exposure to workers
for the 1301-N and 1325-N Crib/Trench remediation as compared to other 100 Area
remediations. Based on the evaluation of the data, it was determined that cesium-137 and cobalt-
60 are the radionuclides of concern for gamma-emitting radiation. Cobalt-60 and cesium-137 are
considered to be the major contributors of the external radiation sources, thus providing the
majority of exposure to workers, especially during excavation/remediation. Plutonium-239/240
and strontinm-90 are the radionuclides of concern for airborne contamination.
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2.4 CONCEPTUAL MODELS

The conceptual models presented in the CMS identified a zone of contamination targeted for
excavation. This study uses the data from the CMS to further develop the layers of
contamination to be excavated.

2.4.1 Typical Contamination Layer

While developing this engineering study, it became evident that ERDF operational constraints
may be the dominant factors in developing approaches to remediate the sites. Airbome
contamination is the constraint for ERDF operations. Calculations showed that plutonium and
strontium were dominant contributors for airborme contamination. Therefore, the team evaluated
the available data to determine if there was any obvious layering of plutonium and strontium in
the waste zone.

A review of the data collected reveals that limited information is available on the layer of waste
that is targeted for excavation (the 1.5-m [5-ft]-thick layer of sediment and soil directly below the
cribs and trenches). Surface samples are available for only the 1301-N Trench and the 1325-N
Crib. One surface sample data point was eliminated because it did not represent the average
contamination present in this layer (based on upstream concentration levels during N-Reactor
operations). However, the data point may represent a “hot spot,” which would be further
characterized and dealt with during remedial design.

Only one borehole, 199-N-107A, was drilled through the layer of waste targeted for crib and
trench excavation with three samples taken in the zone of interest of this study. The other
boreholes from the LFI were not considered because the placement of these boreholes was
outside the cribs and trenches and did not represent the waste in the zone of interest. The

* 199-N-107A samples were taken starting at a depth of 0.3 m (1 ft) below crib soil surface to
1.5 m (5 ft) below. '

Therefore, this study assumes that an average value of the 1301-N Trench surface sample results
represents the upper 0.3-m (1-ft) layer of contamination. This has been labeled as the
high-activity layer (average plutonium-239/240 from 1301-N Trench data used in study is
41,000 pCi/g). An average of the three sample results taken from the borehole represents the
next 1.2-m (4-ft) layer of contamination in all of the cribs and trenches. This has been labeled as
the low-activity layer (average plutonium-239/240 used is 1,900 pCi/g).

A typical contamination zone was developed using the available analytical data (as mentioned
above) and the following assumptions:

. The bottom width of the contaminated layer is the same as the width of the trench at the
operating water level. -

. The depth of the contamination layer is 1.5 m (5 ft) from the bottom of the crib and
trench (except for 1301-N Crib; the bottom of the crib starts below the 2.7 m (9 fi) of .
boulders).

2-4
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. The contamination extends from the bottom width upward at 1.5:1 slope and intersects
the horizontal line of the operating water level.

Figure 2-4 presents the typical cross section for the contamination layers used to calculate
contaminated volumes targeted for excavation. This typical section was applied to the 1301-N
and 1325-N Cribs and Trenches. Figure 2-4 also presents the average concentrations used for
each layer. Figures 2-5 and 2-6 show how the typical cross section is applied to the crib and
trench areas.

2.4.2 1301-NCrib

The 1301-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The
surrounding grade is at an elevation of 138.68 m (455 ft) ams]; therefore, the bottom of the
excavation will be at 134.11 m (440 ft) amsl (Figure 2-7). The low-activity soil is in 2 Jayer from
134.11 to 135 m (440 to 444 ft) amsl, while the high-activity soil is in a layer from 135 to

135.7 m (444 to 445 ft) amsl. The layer of boulders on top of this varies in thickness, but was
assumed to be 2.7 m (9 ft) thick over the entire area of the crib. The lower 1.5-m (5-ft) layer of
boulders is assumed to have high-activity contamination, while the upper 1.2-m (4-ft)-thick layer
is assumed to have low-activity contamination.

2.4.3 1301-N Trench

The 1301-N Trench is a separate structure from the 1301-N Crib. The trench is a Jong, narrow
excavation with shallow, sloping sides (1.5:1.0). As shown in Figure 2-3, the surrounding grade
level in this area is approximately 138.68 m (455 ft) amsl. The low-activity contaminated soil
below the trench extends from 132.37 to 133.6 m (434 to 438 ft) amsl, while the high-activity
contaminated soil layer extends from 133.6 to 133.8 m (438 to 439 ft) amsl. Concrete panels
cover the trench at an elevation of 138.1 m (453 ft) amsl.

2.4.4 1325-N Crib

The 1325-N Crib will be excavated to a depth of 4.6 m (15 ft) below surrounding grade. The
surrounding grade is at an elevation of 137.5 m (451 ft) amsl; therefore, the bottom of the
excavation will be at 132.9 m (436 ft) amsl (Figure 2-8). The low-activity soil is in the layer
from 132.9 to 134.2 m (436 to 440 ft) amsl, while the high-activity soil is in the layer from 134.2
to 134.5 m (440 to 441 ft) amsl. The crib is covered with concrete panels at an elevation of
136.3 m (447 ft) amsl.

2.4.5 1325-N Trench

The 1325-N Trench is a long, narrow trench with shallow sloping sides (1.5:1.0). As shown in
Figure 2-8, surrounding grade level in this area is approximately 137.5 m (451 ft) amsl. The
low-activity contaminated soil below the trench extends from 131.7 to 132.9 m (432 to 436 f1)
ams], while the high-activity contaminated soil layer extends from 132.9 t0 133.2 m (436 to
437 ft) amsl. Concrete panels cover the trench at an elevation of 136.3 m (447 ft) amsl.
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Figure 2-1. 1301-N and 1325-N Crib/Trench Locations.
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Figure 2-3. 1301-N Trench and 1325-N Crib Surface Sample Locations.
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Figure 2-5. Crib Model Used for Volume Calculations.
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3.0 CRITERIA FOR REMEDIATION OPTIONS EVALUATION

3.1 VALUE ENGINEERING METHODOLOGY

This study used value engineering techniques to support development of remediation options,
and, subsequently, select the most cost-effective option for remediation.

Two of the three major stages of a typical Value Engineering Study were used, as presented

below:

. Prestudy (Planning) Stage: The team members were briefed on the project,
expectations outline, and specific responsibilities to execute the study.

. Job Plan (Study) Stage: This stage consists of a five-phase study process.

1.

Investigation Phase: The following tasks were performed:

a. Review and discuss information provided by the project and/or gathered
by team members during the prestudy stage

b. Identify major functions of the system and/or task and function
relationships (Figure 3-1)

c. Establish and/or estimate cost of each major function
d. Select specific functions for examination.

2. Specﬁlative/Creative Phase: The team discussed and generated creative ideas to
achieve the required fanctions.

3. Evaluation/Analysis Phase: The study team evaluated all ideas and eliminated the
ideas/options that are not feasible and do not satisfy project requirements. The
remaining ideas/options will be ranked in the order of feasibility and life-cycle
cost.

4. Development/Planning Phase: The study team developed the best remediation
options. '

5. Presentation Phase: Appropriate documentation of the study results will be
prepared for presentation.

. Implementation Stage: (Not part of this study, applies to design and remedial action
phase.)
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3.2 VALUE ENGINEERING CRITERIA

The team developed eight criteria to evaluate each option (Figure 3-2), with the first criterion
being a general evaluation of how well each option would satisfy all the criteria combined. All
the criteria, except the first, were compared using the Value Engineering-Paired Comparison
technigue to determine a hierarchy. The dominant criterion was then assigned a relative value
from 1 to 4, with 1 being no preference and 4 being a major preference between the two critenia.
The resulting relative scores were totaled. The criteria were then ranked by thelr total relative
score. These relative scores determine the weighting of each criteria to evaluate the options.

Each option was ranked against each criterion. The ranking for each option was summed to
determine a total score. The results are provided in Figure 3-3. The alternatives that achieved a
ranking better than 327 (calculated by assigning a “Good” rating in each category) were carred
forward to calculate life-cycle costs.

3-2




193

How?——p

Remediate
1301N/1325N

CribfTrenches ||

Bland & Load
Low RAD

Activity Waste In

RCI Truck

Transport
Waste to
ERDF

Blend & Load

Activity Waste
in RCI Truck

Contalnerize
High/Low RAD Par

High RAD —]

Segregate
HighLow RAD
Activity Wasto

Aclivity Waste &
Load on Flalbed

Blend & Load
Low RAD

Aclivity Waste In

RCI Truck

||

Contalnerize
High RAD
Aclivity Waste &
Load on Flatbed

Transport
Wagte to WM

ERDF == Environmental Restoration Disposal Facillity
WM = Waste Management Disposal Facillty

Determine
Contamination
Zones

Collect
Contaminated
Sol_l Data

=
=
-~
-

Perform Fleld

Invastigation

"SAYPIUILL/GHD N-STET/N-TOET JO UOHRIPIMSY *I-¢ danSg

1Ay
Z6010-THE



BHI-01092
Rev. 1

Figure 3-2. Criteria Weighting Process.
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Figure 3-3. Matrix Weighting of Alternatives.
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4.0 REMEDIATION OPTIONS

4.1 REMEDIATION ISSUES

The remediation options presented in the following subsections were developed by
Environmental Restoration Contractor staff from the Engineering, Field Support, Radiological
Engineering, Sample/Data Management, Transportation, and Waste Disposal organizations. The
project team examined issues related to excavation, transportation and disposal, and how these
systems can support remediation of the cribs and trenches. Issues evaluated included personnel
safety, airbome contamination, site access, radiation exposure (dose), handling of concrete
panels, debris, and contaminated boulders. Based on the project team's evaluation, the following
two issues had the most impact in developing the remediation options:

. High radiation exposure during remediation
. ERDF operational constraints.

Five remediation options were developed consistent with the remove and dispose remedial
alternatives presented in the draft proposed plan for the cribs/trenches.

4.2 HIGH RADIATION EXPOSURE

Cobalt-60 and cesium-137 provide high-energy gamma radiation that could contribute significant
dose to workers. Therefore, 2 common denominator for all issues related to removal, excavation,
transportation, and disposal was the management of the dose to workers during each operation.
Dose is managed by applying three factors: time, distance, and shielding. Exampies of applying
these factors during the development of remediation options are as follows: (1) providing
shielded areas where workers can minimize their exposure to radiation, (2) selecting equipment
with longer booms to increase distance between workers and contamination, (3) using cranes to
handle high-activity packages to provide more distance, (4) placing a layer of soil on top of the
contamination area to provide a working surface for equipment and shielding for workers, and
(5) using shielding on excavators, forklifts, and trucks.

4.3 ERDF OPERATIONAL CONSTRAINTS

The study team determined that allowable airborne concentrations would be a limiting operating
factor for disposing 1301-N and 1325-N Crib and Trench waste at ERDF. Therefore, an '
alpha-emitting airbome concentration limit was calculated based on plutonium-239/240. It was
assumed that ERDF would receive waste from other areas during remediation of the 1301-N and
1325-N Cribs and Trenches. The volumes of waste material from these other areas were
assumed to be two-thirds of the total receipts at ERDF, with the remaining one-third coming
from 1301-N and 1325-N Crib and Trench remediation.

The worst-case operation scenario at ERDF would involve 600 pg/m’ of dust in the worker's
breathing zone for 500 hr/yr. At this dust level a concentration of 270 pCi/g of

4-1
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plutonium-239/240 will result in an airborne level that is 9% of a derived airborne concentration
(DAC) and deliver 100 mrem/yr to the worker. Studies have shown that standard construction
work can produce dust loading of this magnitude. Therefore, the 270 pCi/g limit was used for
existing ERDF operations that are similar to standard construction operations.

Another option for ERDF operations was developed by raising the plutonium soil concentration
limit, which could be accomplished by increasing operational requirements at ERDF.
Operational controls that would be required to raise the limit could consist of increased dust
control measures, strategic placement of waste at ERDF and workers handling this material,
increased coordination of all other waste delivered to ERDF, increased monitoring of dust
loading, and containerization of high-activity material. Therefore, 2,000 pCi/g
(plutonium-239/240) were calculated as an upper bound limit based on failures of airborne
control requirements creating conditions that exceed posting and respiratory protection
requirements. Limits higher than 2,000 pCv/g (plutonium-239/240) would require ERDF
personnel to wear respiratory protection while disposing waste. However, it is desirable to avoid
using respiratory protection based on industrial health and safety consideration involving heat
stress, vision impairment, communication impairment, and reduced worker efficiency. In
addition, 10 CFR 835, sec. 835.1002(c), states “Regarding the control of airbomne radioactive
material, the design objective shall be, under normal conditions, to avoid releases to the
workplace atmosphere and in any situation, to control the inhalation of such material by workers
to levels that are ALARA; ..."

The 2,000 pCi/g (plutonium-239/240) Iimit is based on dust-loading measurements. Dust-
loading measurements at ERDF require maintaining dust levels below the upper limit of

100 ug/m® with an average loading of 50 ug/m’ to workers. In these conditions, 2,000 pCi/g of
alpha-emitting isotopes could safely be handled without exceeding target airborne concentrations
during normal operating conditions. This is an acceptable value since a severe failure {(dust
loading of up to 1,000 ng/m®) in engineering controls will result in an airborne concentration just
at 1 DAC. As aresult, respiratory protection will not be required for ERDF personnel.

44 REMEDIATION OPTIONS

Remediation options were developed by engineering, field support, radiological, and sampling
management staff. The options presented in the following sections are all supported by the same
excavation, concrete/debris, and cobble/boulder removal methods. Sections 4.4.1 through 4.4.3
describe these methods.

42
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4.4.1 Excavation

Excavation would be accomplished by using a trackhoe excavator equipped with an extended
reach boom. Side slope benching along the trench shall be performed, as necessary, to position
the trackhoe, establish a laydown area, and permit transportation of packaged material (B-25
boxes or roli-on/roll-off containers). The trackhoe operator would start excavation at the side of
the trench and/or crib and remove material from the bottom and side slope. When the reach of
the boom is exceeded, soil cover will be placed on top of the exposed surfaces to reduce dose
exposure and provide a surface for the excavator to relocate to continue removing material.
'Excavated material will be placed and packaged in either ERDF roll-on/roll-off containers or
B-25 boxes. These containers will be staged for transport to ERDF.

4.4.2 Removal of Concrete Panel and Debris

Concrete panels, structural supports, and large debris will be rigged for crane removal and
monitored for contamination. Removal of concrete panels and supports will be consistent with
the excavation, limiting the amount of trench exposed unprotected. Material not directly in
contact with the soils of the trench will be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material will be staged for alternate disposal.
Contaminated material will be sized in accordance with ERDF bulk waste supplemental criteria
and transported to ERDF for disposal. Smaller concrete material and debris in contact with the
soils or requiring significant decontamination efforts will be removed by the excavator and
placed in the appropriate package or container for disposal at ERDF. '

4.4.3 Cobble and Boulder Removal

Cobble and boulder layers comprise the upper most region of the 1301-N Crib area to be
remediated. The cobble layer is considered low level and will be excavated into roll-on/roll-off
containers and transported to ERDF. During the excavation of the cobble, a layer of cobble will
remain to provide shielding while removing the high-activity material (boulders and soil beneath
the boulders). High-activity material will be packaged directly into containers (B-25 boxes)
without blending or will be proportionally blended with low-level soil into roll-on/roll-off
containers.

4.4.4 Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Soil
Concentration Limit

This option consists of mixing the higher and lower activity material to meet the soil
concentration limit of 270 pCi/g (plutonium-239/240). This mixing will reduce soil
concentrations to address airborne contamination dose to workers. It is assumed that lower
activity material from other sites and onsite materials from crib/trench excavation operations will
be used for mixing to meet this limit. Mixing operations will consist of excavating and placing a
predetermined amount of higher activity crib/trench soil in a standard transport container (RCI
container) and subsequently placing a predetermined amount of lower activity stockpiled soil in
the container. Once the container is filled, it will be transported to ERDF for free dumping.
Excavation operations for this option will require the placement of clean and/or lower activity
soil on the crib/trench surface soils for shielding during excavation. Figure 4-1 presents this
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option. However, this option was not carried forward, based on the Value Engineering Study
results presented in Section 3.0.

4.4.5 Option 2: Increase Soil Concentration Limit to 2,000 pCi/g

This option introduces operational controls for airborne contamination at ERDF so that ERDF
soil concentration limits can be increased to 2,000 pCi/g for plutonium-239/240. The same
mixing and shielding operations will apply from Option 1; however, the increased limit will
lessen the amount of mixing that will be required. Figure 4-1 presents this option.

4.4.6 Option 3: Containerize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit

This option packages the higher activity material in B-25 boxes for shipment to ERDF. The
excavation approach will be the same as Option 2. Containing the high-activity waste in B-25
boxes eliminates the potential for airborne contamination; however, dose considerations will
need to be managed. The lower activity material will be mixed to achieve a volume that will
decrease the potential for airborne contamination and will be placed in existing ERDF containers
(RCI containers). The handling process will also reduce the gamma dose rates produced by the
waste. The approach to excavation and shielding will be the same as Option 1. Figure 4-2
presents this option.

4.4.7 Option 4: Containerize (Package) the High-Activity Material for Shipment to
Waste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil
Concentration Limit

This option is the same as Option 3, except that the high-activity waste contained in the B-25
boxes will be shipped to Waste Management while the lower activity material will be shielded,
excavated, mixed, and shipped to ERDF. Figure 4-2 presents this option.

4.4.8 Option 5: Containerize (Package) All Material

This option will contain afl waste in B-25 boxes (both high and low activity waste) for shipment
to ERDF. Figure 4-3 presents this option.

4.5 CONTAMINATED SOIL YVOLUMES FOR REMEDIAL ACTION

Table 4-1 presents the results of the volume of contaminated soils from the 1301-N and 1325-N
Cribs and Trenches. These volumes were calculated based on the conceptual model descriptions
of the cribs and trenches presented in Section 2.0. Appendix B presents the calculation package
that was used to generate Table 4-1. Table 4-2 presents the volume of contaminated soils that
will be generated through mixing and containerizing waste for each remediation option. Each
option in this table also provides the mixing ratio used to generate volumes.
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Table 4-1. Volume of Waste for Disposal.
Volume in Cubic Yards
1301-N 1301-N 1325-N 1325-N
Waste Description Crib Trench Crib Trench Total

High-Activity Waste 1,343 1,672 2,222 1,253 6,490
Low-Activity Waste 5,370 15,683 8,889 9,511 39,453
Total 6,713 17,355 11,111 10,764 45,453

Table 4-2. Final Mixed Volume of Each Waste Type to Meet Operational Limits.

Volume in Cubic Yards

1301-N 1301-N 1325-N | 1325-N
Option Description Waste Description] Crib Trench Crib Trench Total

Option 1: High-Activity 252,662] 314,688 418,200 235,182 1,221,362
Current ERDF Operational v 2ste (188 2:1)
Limit of 270 pCi/g Low-Activity Waste 46,568 135,990 77,078 82,471 342,107
(plutonium-239/240) (8.7:1) '

Total 299,230  450,678| 495278| 318,284 1,563,469
Option 2: High-Activity 34,109 42,483 56,457 31,835 164,884
Increased ERDF Operational | vaste (25.4:1)
Limit of 2,000 pCi/g Low-Activity Waste 7,544 22,030 12,487 13,360 55,421
(plutonium-239/240) (1.2:1)

Total -41,653 64,513 68,944 45,195] 220,305
Options 3 and 4: High-Activity 1,343 1,672 2,222 1,253 6,490
Containerize High-Activity |25t
Material for Shipment Low-Activity Waste 7,544 22,030 12,487 13,360 55,421

(1.2:1) ,

Total 8,887 23,702 14,709 14,613 61911
Option 5
Containerize High- and Total 45,943
Low-Activity Material

Note: The values listed in Table 4-2 are approximate, based on rounding off from spreadsheet values.




BHI-01092
Rev. 1

5.0 ENGINEERING STUDY COST ESTIMATE AND DOSE EVALUATION

5.1 DESCRIPTION OF OPTIONS FOR DOSE EVALUATION

The following descriptions for dose evaluation applied standard time, distance, and shielding
approaches for management of radiation dose to workers.

General assumptions and basic descriptions of activities listed in Appendix H of the CMS
(DOE-RL 1996b) are valid for the mixing options. These basic assumptions are as follows:

. The exposure estimate can be obtained using MICRO SHIELD Version 4.2.

. Correction factors for dose called “build-up factors” were not used in the above model.

. The highest soil concentrations are found in the 1301-N Crib and Trench.

. The lower contaminated soils can be placed in the same container as highly contaminated
soils to provide shielding.

. Previous sampling data provides adequate information to construct a conservative dose

model of the cribs.
. No allowance was made for decay of radioactive materials during the remediation project.
Appendix C presents the dose calculation packages for the following options.
5.1.1 Option 1

Based on this option’s failure to compare well to the criteria developed in Section 3.0, this option
was not carried through for dose and cost evaluation.

5.1.2 Option 2

5.1.2.1 Excavation. The excavation operator uses equipment with a long boom so that he is
rarely within 10 m (30.5 ft) of the excavation bucket or container.

The excavation operator is exposed to the unshielded soil for 3.25 hr/d at a distance of 10 m
(30.5 ft), regardless of the materials that are being handled. Shielding will be added to the cab to
ensure that the operator can spend standby time in an area that is less than 0.5 mrem/hr when not
actively excavating.

High-activity boulders will be removed and placed in B-25 boxes. A forklift operator will be
required to move the B-25 boxes. Based on the shielding and exposure assumptions, the average
dose rate for the forklift was calculated to be 3.5 mremv/hr. Half of the work day will be spent
handling empty containers and the other half handling full containers. The operator will be
exposed to full containers for 3 hr/d.
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The remaining soil will be placed in standard containers and mixed with less contaminated soil.
Approximately 0.7 m* (0.9 yd®) of highly contaminated soil will be placed in each container; the
container will then be moved to a stockpile of low, contaminated soil where it is filled.

The excavation container handler is exposed to 0.7 m® (0.9 yd®) of highly contaminated soil
placed in the container for about 5 minutes between the excavation at the crib/trench and the
stockpile. This soil is at least 3 m (9.15 ft) away from the driver. After the soil 1s added to the
stockpile, the doses to the driver are near background levels.

‘The operator who fills the remainder of the container with less contaminated soil works in an
area that is near natural background. This operator is never within 10 m (30.5 ft) of the
unshielded soil. It takes 1 minute to place enough soil to lower the operator’s exposure to near
background levels. The exposure time is for 40 minutes a day.

Soil below the highly contaminated layer will be mixed with low contaminated soil immediately
adjacent to them and shipped to ERDF in standard shipping containers. Soil exposure will be
low. It is assumed that mixing to reach target plutonium concenirations will cause a
corresponding decrease in the gamma-emitting isotope concentrations.

The exposure is at background levels while the container is empty. There are two drivers; each
driver is exposed to loads of contaminated soil for 3 hr/d.

5.1.2.2 Packaging. The B-25 boxes will be capped using a grout pump and boom so workers are
not exposed during the capping process. This process consolidates the void fill and capping
operation while minimizing worker exposures.

The B-25 boxes are then placed on a truck by the forklift operator, surveyed, and shipped directly
to ERDF. It is assumed that enough shielding will be in place such that the average dose rate 1s
3.5 mrem/hr for the driver. Doses for radiological control technicians (RCT) are accounted for as
dose received during coverage of excavation work. Long poles and extended probes will be used
in conjunction with shadow shielding to ensure RCTs are not exposed to more than 2 mrem/hr on
average.

For the containers with mixed soil, survey and tarping techniques are identical to those currently
used at other remediation sites. Exposure to RCTs who perform surveys, and laborers who seal
the plastic liner and place tarps on the container will also be similar.

5.1.2.3 Transportation. The B-25 boxes full of boulders are shipped directly to ERDF on
shielded trucks. Exposure to the driver wili be less than 3.5 mrem/hr, The driver will be
exposed to full containers for 3 hr/d. Four drivers will support this operation.

Soils from the mixing process will be placed such that exposures to drivers will be very near
exposures currently observed at other low-level sites. The unshielded doses to the drivers will
average less than 0.5 mrem/hr. Drivers will be exposed to full containers for 4 hr/d. Four drivers .
will support this operation.
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5.1.2.4 Disposal. The B-25 boxes full of boulders will be off-loaded directly into the ERDF
waste with a crane. Rigging will be designed to minimize worker exposures during the off-load.
It is assumed that the workers will not be within 0.9 m (3 ft) of each box for more than 1 minute.

The crane operator is always at least 9 m (27.5 ft) from the boxes. It is possible to off-load 100
boxes a day.

The highly contaminated soil is mixed to provide less than 7% of the total soil in each container.
The less contaminated soil is mixed to comprise about 50% of each container. The containers
from the 1301-N and 1325-N Crib and Trench remediation comprise one-third of the containers
being handled at ERDF. Only a minor increase in exposures at ERDF will occur as a result of
this option. This increase can be mitigated with some of the same operational controls that will
be implemented to minimize the potential to generate airborne contamination. It is assumed that
worker exposures are about 0.5 mrem/hr for 500 hr/yr as a result of this operation.

5.1.3 Option 3

5.1.3.1 Excavation. The need for offsite soils in the mixing operation is not required, and
forklift operations are extended to include packaging the most highly contaminated layer of soil,
as well as the boulders in B-25 boxes. The extension eliminates the need for a second trackhoe
operator and consolidates both the site container and transportation drivers’ roles for the most
highly contaminated soils. Shielding is placed for the trackhoe operator and the driver, as
discussed above.

The remaining soils are mixed with surrounding lower, contaminated soil and handled in
standard shipping containers same fashion as described in Option 2 for soils that are mixed. All
conditions are the same as those for the mixed soils in Option 2.

" 5.1.3.2 Packaging. The B-25 boxes are handled the same as in Option 2. The standard ERDF
containers are filled and handled the same as the containers filled with soils from below the most
highly contaminated layer in Option 2.

5.1.3.3 Transportation. Shielding is applied to all trucks that carry B-25 boxes. Approximately
50 boxes from 1301 N will also be placed at least 8 m (24.4 ft) from the driver’s cab to ensure
that dose rates in the cab are managed.

5.1.3.4 Disposal. The B-25 boxes and standard containers are handled as described in Option 2.
Doses are higher because there is no shielding in the B-25 boxes. Overall exposure is lower
because the duration of the task is shorter.

5.1.4 Option 4

The factors used for Option 3 for dose evaluation are the same for this option.

5.1.5 Option S

All waste will be placed in B-25 boxes and sent to ERDF.
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Dose rates calculated assume all boxes are filled at the average contamination level. Shielding
will be used to maintain doses to less than 3.3 mrem/hr for drivers and workers in close
proximity to the boxes.

The handling of B-25 boxes through all stages of the operation is the same as described in
Option 2. Figure 5-1 represents results of dose evaluation for each remediation option.

5.2 DESCRIPTION OF OPTIONS FOR COST ESTIMATING

The cost estimate for each option presented in this section is based on limited available analytical
data. It is expected that the cost associated with each remediation-option could decrease if data
from a limited sampling effort is obtained.

5.2.1 Cost Estimate Basis

The cost estimates presented reflect experience gained from ongoing remedial actions in the 100
and 300 Areas. In addition, where cost data were not available, best commercial practice was
applied to further develop the cost estimate for each option. The cost for concrete and boulder
removal will be the same for all options.

Table 5-1 summarizes each option for excavation, packaging, transportation, and disposal that
was the basis for the cost estimate for each option. In addition, Appendix D presents the details
included in each cost estimate for the remediation options. Costs not included for remedial
action are pipeline removal and revegetation. Figure 5-2 presents the results of the cost estimate
for each option. :
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. Figure 5-1. Results of Dose Evaluation for Each Remediation Optidn.
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Figure 5-2. Results of Cost Estimate for Each Remediation Option.
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Figure 5-3. Resuits of Dose/Cost Estimates for Each Remediation Option.
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Table 5-1. Remediation Option Summary.
Excavation Packaging Transportation Disposal

Option 1 Biend to meet ERDF |+ RCI containers » RCI trucks Existing ERDF

: limits (high-activity operations
zone 190.0:1.0/
low-activity zone
5.0:1.0)

Option 2 Biend to meet ERDF |« RCI containers + RCI trucks Modifted ERDF
modified limits operations
(high-activity zone (medified free
21.0:1.0/ low-activity dump operation)
zone 1.2:1.0) .

Option 3 Excavate and package |+ B-25 boxes for high |« Flatbed for high Moedified ERDF
high-activity zone activity activity in B-25 operations (special
Blend low-activity + RCI containers for boxes han:iahn,eg for B-25

one 1.2:1.0 low activi » RCI trucks for I CODIAIMETS, USe
¢ iy activity T modified free dump
operation for low
activity)

Option 4 Excavate and package [* B-25 containers for |+ Flatbed for high B-25 containers to
high-activity zone high activity (RUST activity in B-25 waste management
Blend low-activity criteria) boxes Use modified
zone 1.2:1.0 « RCI containers for |+ RCI trucks for low ERDF operation for

low activity activity low activity

Option 5 Excavate and package {+ B-25 containers for |+ Flatbed for all Send to ERDF for
high- and low-activity all material materials disposal

zone
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6.0 DESIGN/REMEDIAL ACTION ISSUES

The following issues surfaced while developing this study, and although assumptions were made
to continue with the study objectives, these issues were identified and require further
investigation during the design phase.

Transuranic Waste. The LFI results identified three areas in the 1301-N Trench and the
1325-N Crib as “hot spots” that have high levels of plutonium. Additional data are
needed to address these hot spots to determine the presence of transuranic waste.

Contaminated Materials. Confirmation of contamination types, extent, total volume of
contaminated steel piping, and other structural materials associated with the cribs and
trenches must be addressed during remedial design. Data were not available for any
concrete or piping. However, based on available data within the crib/trench, assumptions
were made for the level and extent of contamination for the concrete material for all of
the 1301-N Crib, 1301-N Trench, 1325-N Crib, and one leg of the 1325-N Trench. The
last three legs of the 1325-N Trench are believed to be clean based on operational data.
Additional data on the concrete materials may provide a more accurate assessment of
what will need to be sent to ERDF and what volume can be free released for other uses.

Contaminationr Levels. It is likely that additional sampling could provide the basis for a
decrease in the estimated contaminated soil volumes and, thereby, decrease the cost
estimate for remediation. Because limited soil characterization data were available, it
was necessary to (1) apply borehole data from one crib to represent the waste in the
associated trench and the adjacent crib/trench; (2) use operation data from the 1301-N
Trench to represent the adjacent trench for which there were no data; and (3) use the
operations data, which is of questionabie quality since it lacks QA/QC documentation.
These actions resulted in what is believed to be a conservative model of the nature and
extent of the contamination. Therefore, it is recommended that additional sampling be
performed before the design phase to better define the nature and extent of the waste.
This new data will help the project better define the design approach, and also has the

‘potential to significantly reduce cost estimates.

Container Requirements. Safety analysis work will need to be performed to support the
use of existing ERDF containers and for the use of B-25 boxes. An evaluation may need
to be performed during the design to determine optimum use of existing containers or
other containers that can support the remediation.

Dust Control. Dust control measures and monitoring impacts to meet the 2,000 pCi/g
(plutonium-239/240) soil concentration limit will need to be fully developed and
specifically identified in the design and presented in the subcontract.

Subcontract Requirements for Radiological Controls. Address how specific

radiological requirements will be addressed in the subcontract (i.e., three shifts to support
high-activity material during remediation).
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ERDF Operations. ERDF operational requirements to coordinate and schedule the
processing of the containers of highly contaminated material from the cribs and trenches .
should be addressed during the planning and design phase for this remediation.

Additional controls for the increased radiological limits must also be fully developed and

specified.
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7.0 ENGINEERING STUDY CONCLUSIONS

The following conclusions were derived based on the results of this engineering study:

Preferred Option. Option 3 is the preferred remediation option for the 1301-N and
1325-N Cribs and Trenches. Option 3 is selected based on cost and total dose to workers.
This option is comprised of packaging the high-activity material in B-25 boxes for
shipment to ERDF for disposal. The lower activity material will be shielded with
overburden and other contaminated soils encountered during excavation operations. Soil
used for shielding will be blended with the lower activity soil to meet a 1.2:1.0 ratio to
meet the ERDF soil concentration limit of 2,000 pCi/g (plutonium-239/240).

Implementability. Based on the available data from the LFI, draft CMS, cost estimate,
and dose evaluation, this study concluded that the selected option is implementable.

Impacts to ERDF. Existing ERDF operations data confirmed that it would be possible
to operate ERDF with a requirement to maintain dust loads of less than 50 pg/em®. This
requirement would permit the use of a limit of 2,000 pCi/g, as used in the study.

Higher Cost for Remediation. Higher remediation costs were calculated than presented
in the draft CMS. These higher costs were based on increased focus on ERDF
requirements. Based on these requirements and increased volumes for mixing, the use of
containers (B-25 boxes) was identified, which increased the estimated cost by ‘
approximately $15 million.

Impacts of Delaying Remediation to Alow for Additienal Radioactive Decay. The
majority of worker exposure will resuit from gamma radiation emitted by cobalt-60 and
cesium-137. By the year 2001, cesium-137 will be the dominant gamma emitter.
Because cesium-137 has a half-life of about 30 years, delaying the work near term will
only have a minimal impact on exposure rates. The exposure rates relate directly to the
amount of overburden used as shielding, which affects waste volumes and costs.
Therefore, the study did not identify significant cost benefits to any option that would
result from permitting additional radioactive decay of the waste to occur near term.
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980
to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 1 of 2)

Location: | TS-01 TS-02 TS03 TS-04 505 TS-06 TS-07 TS-03 TS0
Units: pCilg pCi/g plig pCilg pCiig pCiig iR pCig pCilg
Collection Date: 1980
Gross alpba NA NA NA NA NA NA NA NA NA
Gross beta NA NA NA NA NA NA NA NA NA
Cerh- 144 0.0831 0.0310 0.0083 0.0060 0039 0.0065 0.0031 ND 0.0025
Cesium-134 NA NA NA NA 36 NA NA Na NA
Cesium-137 166,669 125,631 74,075 135,504 160,496 129,631 143,280 338,594 216,082
Cobalt-58 ¢ NA NA NA NA NA NA NA NA
| Cobult-60 821,354 555,994 530,721 322,224 195,861 353814 107,403 430,176 16T
{Europium-154 NA NA NA NA NA NA NA NA NA
Jiron-55 NA [} NA NA Na Na NA NA NA
1M 54 0.150 6% 0.057 0.041 2.025 0.045 0014 0013 0029
[Niobnm-95 0 0 (1] 0 0 [ L) ND [
Phtonium-238 NA NA NA NA NA - NA NA NA NA
|prscnium-239240 NA NA NA NA NA NA NA NA NA
FRuthenium-103 NA [ NA NA NA NA NA Na NA
Ruthesium-106 NA NA NA NA NA NA NA
Strontium-50 NA KA NA NA A NA NA NA NA
Zireoniume95 o ° NA NA NA NA NA NA NA
Collection Date: 1981
Gross alpha NA NA NA NA NA NA NA NA NA
Gross beta Na NA NA NA Na NA NA NA NA
Cerium-144 0 ¢ NR 0 0 [ 0 o 0
Cesium-134 Na NA NA NA NA NA NA NA NA
Icam137 120,016 120016 334,782 283,449 309516 360,049 234,782 271,952 452,698
Cobalt-58 NA NA A, Na NA NA NA NA NA
Cobalt-60 475,727 454,103 1,369,517 432,479 317,151 1,25357 641,516 3sean 598263
[Europium-154 NA NA NA NA NA NA NA NA NA
{iroe-59 NA NA NA NA NA NA NA NA NA
| 54 0.1193 2.1024 0.1567 0.0963 0.0859 0.1198 0.0830 0,0691 0.0913
Iicbium-95 0 ¢ NA NA NA NA NA Na NA
|Piutonium-238 4,697 1231 5,295 1,57 656 4134 5330 1,025 3416
JPitonium-236/240 25945 9,151 24,947 11975 5,488 24,947 29,537 6,536 19958
IRuthenium-103 NA Na NA NA NA NA NA NA NA
|Rathenium-106 NA NA NA NA NA Na NA NA
Strontrum-50 105,062 475,868 67,981 2248 12978 9,329 67981 15,450 27,810
§Zirconiun-95 NA Na NA NA NA NA NA NA NA
‘Coliection Date: 1982
Gross alpha NA NA Na NA NA NA NA NA NA
Gross beta NA NA NA NA NA NA NA NA NA
Cerium-144 NA 0.0543 Na NA NA NA NA NA 0.6534
Cesiom-134 NA NA NA NA NA NA NA NA NA
[ Cesiam-137 607552 316,702 667,552 342,556 349,015 33,466 646,332 297313 361,946
Cobalt-58 NA NA NA NA NA NA NA, NA NA
Cobalt-50 1,126248 | 2215462 2.394,878 526,095 S35 | 123305 | 1150832 | 369910 353,470
Europium-154 NA NA NA NA NA NA NA NA NA
firon-55 Na NA NA NA NA NA NA NA NA
|Manganese-s4 0.1470 03935 0.1781 0.0953 0.0553 00573 01015 0.0559 ND
Gobium-95 NA NA NA NA NA NA NA NA NA
YPiutonium-238 4,734 12,050 24,961 438,974 103,253 3,005 327 177 947
|Puzonium-238/240 27,944 62,574 169,660 2,794,394 653,675 43512 16,966 15968 11974
IRuthenium-103 NA NA NA NA NA NA NA NA NA
Ruthenium-104 NA NA NA NA NA NA NA NA NA
Strontium-90 69,636 152263 202,576 54,958 69,636 145,602 52,563 44314 94,958
| Zirconium-95 Na NA NA NA HA NA NA NA NA
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Table A-1. Radionuclide Concentrations Detected in 1301-N Trench Sediment from 1980
to 1985 from Locations TS-01 to TS-09 Decayed to January 1, 2001. (Page 2 of 2)

Location: | TS-01 TS02 TS-03 S04 TS-05 506 507 TS-08 TS0
Units: | - pCi/g pCig plig pCig pCig g pCig pCi'g pCi'g
Collection Date: 1983
Gross alpha NA NA NA NA NA NA NA NA NA
Gross beta NA NA NA Na, NA NA NA NA NA
Cerium-144 NA NA NA 0.0415 NA NA NA NA NA
[Cesium-134 ND ND ND ND 67 ND [ 67 NA
{Cesium-137 54,891,147 363,727 35T 251309 476,164 8372 £9,071 264,536 257922
Cobah-58 NA NA NA NA Na, NA Na NA NA
§Cobah-60 2,062,419 1,499541 1343658 749,971 457,481 1,499541 262,478 374935 3585
Exropivm- 154 31,498 ND ND 13,08 19383 41,190 ND ND ND
Jeron-59 NA Na Na NA Na Na NA NA Na
|Manganese-s4 0234, 015 0283 0.437 0.060 0.340 0.065 0.07 0102
Proiobian-95 NA NA NA 0 NA VA NA NA NA
Phrtonium-238 2,082 2,603 1,562 1301 435 1,735 954 20 798
Phatonium-239/240 11977 12,975 9981 7436 2,994 9,781 6,138 4,591 4292
Ruthenium-103 NA NA NA NA NA _NA NA NA NA
Rutbenium-106 NA NA NA NA NA NA NA NA NA
Strontium-50 29,829 2989 18,305 16,860 3,430 - 19820 17,508 3,430 5642
| Zircomium-95 NA Na NA Na NA NA NA NA NA
Collection Daze: 1984
Gross alpha NA NA NA NA NA NA NA NA NA
Gross beta NA NA NA NA NA NA NA NA NA
Cerium-144 NA .NA NA NA Na | TN 0 NA NA
Cesium-134 Na NA NA NA NA NA NA NA NA
[Cesium-137 2.097,755 649,627 554,890 507,521 879,704 507,521 663,161 493,957 $79,704
Cobah-$8 NA NA NA NA NA NA NA NA NA
Cobaft-50 5,666,310 352,053 3,421,168 1,710,584 387,365 2,458,965 1,710,584 1,710,584 1,603,673
Exuropium-154 NA NA NA NA 39,320 NA NA NA NA
Iron=59 NA NA NA NA NA NA Na NA NA
54 0326 Ul 0491 0.544° 1359 0.199 Ul 0366 3.345 0.784 1.150
INiobiwn-95 NA NA NA NA NA NA - NA NA NA
{Phuronsum-238 NA NA NA NA NA Na NA NA NA
|Phusonium-239/240 NA NA NA NA NA Na NA NA NA
[Ruthenivm-103 NA NA Na NA NA NA Na NA NA
Ruthenium-106 NA NA NA NA NA WA NA HNA NA
Isrongum-90 RA NA NA NA NA NA NA j NA NA
Zirconium-93 NA NA NA NA NA N NA NA NA
Collection Date: 1985
Gross alpha 35,000 23,000 52,000 38,000 34,000 42,000 19,800 18,000 28,600
Gross beta 1.500,000 19,000,000 13,000,000 6,500,000 5,000,000 10,000,000 | 6,000,000 | 2500000 2,300,000
|Cerum- 144 0065 UL 00435 Ul 00546 Ul oo0ss2 Ul ooas Ul 00S13 Ul e0s2s 0.0071 Ul 0049 U
[Cesium-134 NA NA NA NA NA NA NA NA NA
Cestum-137 20,081 18,004 25,621 19,389 33,085 471,087 33717 15234 17311
Cobalt-58 NA NA NA NA NA NA NA NA NA
Cobah-60 158,560 134,166 195,151 146,363 11581 134,166 158,860 31,712 78,060
EEuropium-154 NA NA NA NA RNA NA NA NA NA
Jiron-59 NA NA NA NA NA NA NA NA NA
Manganese-54 £1271 0.0400 00541 U] o23e3 0,1318 00424 U} 03530 0.0659 0,0941
Tobium-95 NA NA NA NA NA NA NA Na NA
Platooium-238 4,054 2,556 4,495 3525 3437 3,702 2,027 1,586 2597
| Plutonium-239/240 25,956 15573 26,954 22,961 20,965 23,960 13,976 10981 19,966
[Ruthensum-103 NA NA NA NA NA NA NA . NA NA
Rutherium-106 NA NA NA NA NA NA NA NA NA
|Swontium.o0 63282 52,395 141,395 74,358 129,286 21,654 31,654 41632 74,850
Jzirconium-05 NA NA NA NA NA NA NA NA, NA
Uni jon was und d at specified detection level. References:
NA = Not analyzed UNI-1581 = Radiclogical Surveilince Report for the 100-N Area-FY 1980
ND = Not detected, no detection limit given UNI-1849 = UNC Enviroamental Surveiflance Report for 100 Areas-FY 1981
NR = Not repocted UNI-2226 = UNC Envirormmenta) Surveillance Report for 100 Areas-FY 1952
Trench sedi ples collected by attaching a jar 1o a pole and UNI-2640 = UNC Environmental Surveiliance Report for 100 Areas-FY 1983
using this devics as 2 5000p, The top six inthes of thach sediments UNI-3069 = UNC Enviroamennl Surveillance Report for 100 Aress-FY 1984
wreze sampled through Sanding waer, UNE3760 = UNC Envirommental Surveiltanoe Repot for 100 Areas-FY 1985
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Location: CS-01 CS-02 CS-03 Cs-04 ‘€505 C5-06 C8.07 C5-08 CS-09 C8-10 Cs-1 C8-12
Units: pCilg pCilg pCilg pCifg oCilg pCifg pCifg pCilg pCilg pCilg pCilg pCilg
Collection Dale: 3 1985
Gross alpha 18,600 7,000 18,000 6,000 4,700 NR 44,000 26,000 18,000 £2,000 9,700 6,100
Gross beta 2,300,000 | 3,100,000 1,600,000 30,000 400,000 NR 15,000,000 | 2,400,000 | 2,200,000 1,100,000 1,500,000 620,000
Cerium-144 0,078 0 0 0 ' 0 NR ou 0 0 ] 0 [1}
Ceshim-137 28,391 4,818 4,815 3,440 1,178 NR 1,081 2,850 491 5,503 4,717 6977
Cobalt-60 158,560 1.13 1.88 1.02 0. NR .73 2.90 0.24 0.89 1.36 0.99
| Manganese-54 0.64 0 ] 0 0 HR 0 0 1] 0 0 0
Plutoniinn-238 1,763 333 901 g 107 NR 2,153 3,875 8l 158 496 239
Plutoninin-239/240 11,980 4,947 12,862 4,254 1,770 NR 29,682 55,407 11,873 2,176 6,827 33,640
Strontinm-90 59,880 2,268 7,832 2,376 1,320 NR 17,601 8,800 1,496 1,144 1,056 510
Collection Date: 1986 ‘
Gross alpha NR NR NA NA NA NR NR NA NA NR NR NR
Gross bela NR NR NA NA NA NR NR NA NA NR NR NR
Cerium-144 1.218 0,000 0.000 0.000 0,000 NR NR 0 0 NR NHR NR
Cesium-137 127,538 6,093 8,649 8,353 9,041 NR NR 6,486 7,862 NR NR NR
Cobalt-60 1,265,793 0.887 3923 4.264 1.057 NR NR 1.899 4.775 NR NR NR
| Manganese-54 8.46° o 0 o 0 | MR NR 0 0 NR NR NR
Plutonfum-238 NA NA NA NA NA NR NR NA NA NR NR NR
Plutontuin-239/240 NA NA NA NA NA NR NR NA NA NR NR NR
Strontlum-90 6,343 343 440 440 299 NR NR NR 810 . NR NR NR
Collection Date: 1987
Gross alpha NA NA NA NA NA NR NA NA NA NA NA NA
Qross beta NA NA NA NA NA NR NA NA NA NA NA NA
Cerium-144 0.231 0.000 0,000 U 0.000 U 0.000 NR 0.000 U 0.000 0.000 0.000 0.000 U 0.000
Cesium-137 13,199 1,671 1,769 2,850 2,948 NR 4,717 1,474 1,61 "2,064 1,278 1,278
Coball-60 130,078 1348 1.074 1.0 L.160 NR 2.217 1.876 1,398 0.139 1.433 1.047
Manganese-54 1.544 0 0 0 0 NR 0 0 0 0 0 0
Plutonium-238 985 3,019 113 631 586 NR 7,660 9,462 586 1,036 1,397 1,704
Plutonfum-239/240 5,192 48,481 1,583 9,798 8,410 NR 96,961 118,728 8,212 1,385 19,788 38,587
Strontium-90 9,396 3,520 509 378 880 NR 35443 13,764 880 1,232 2,552 3,080

U = Concentration was undetected at specified detection levet

NR = Nol reported
NA = Not analyzed

Samples of surface sediment were collected from the bottom of the 1325-N Crib. Approximately 10 grams of sediment per sample were

References: UNI-3760 = UNC Environinentaf Surveiflance Report for the 100 Arcas - FY 1985

UNI-4065 = UNC Environmental Surveillance Repost for thel00 Arcas - FY 1986
WHC-EP-0161 = Weslinghiouse Hanford Co, Enviconmental Surveillance Annual Report-100 Areas-F'Y 1987

coltected through the sample port located in the cover of the facHlity. The samples were collected during operalions through standing water,
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Refereiice Document.: 2728 212-3 2223 228 222-8 222-3 222-3 222.3 7223 222-8 Quanterrs
Location: 199.N-107A 199-N-107A 199-N.107A 199-N-107A 199-N-107TA 199-N-107A 199.N-107A 199-N-107A 199-N-107A 199-N-107A 199-N-107A
Sample 1D:}]  BOGGCY® BOGHLFA BOGLES BOGLF? ROGLF6 BOGLFS {Dup) BOGLF9 BOGLGO BOGLON BOHIVE BOGLSS
Melliod:
Sanple Collected: 8125195 1112995 11£30195 1213195 1245195 12/5/95 12/6/95 1276195 12/8/95 1218095 11729195
Depth {fect below grovnd surface): N/A .11 11-13 23 28-30 28-30 40 50 . £7.59 69 9.0-11.0
Units; sty pCig pCig pCiig pCifg pCilg pCie pCilg _pcilg pCilg pCilg
Gross alphs 13,500 94t 38,200 2524 2,18 U 339 U 144 U 0968 U 1.96 U 2,77 1,950
‘§ Gross baltn 305,000 63,700 60,600 4,340 1,810 - 2,490 I.SB(I___ 145 124 123 118,000
Actitnn-728 NR MR NR — NR NR R NR NR ¥R PR TR
Americium 241 13,152 5 ] _HR NR NR 3 NR NR R 1,101
Antimony-125 NR NR NR NR NR NR NR NR NR NR NR
Bistautl-214 NR MR MR NR NR NR HR NR NR NR NR
{Cadinium-109 NR NR NR NR HNR NR NR NR NR R VR
Carbon 14 NR NR NR NR MR NR NR NR NR NR
[Ceriin-144 NR 489 U 432U 0122 U 0.0108 U 0.0214 U 0.0128 U 0.0268 U 0.0269 U -1.40 U
Ceslinn 134 NR iKY 155 U 0475 0.0513 U 00410 U 9.0097 U 0.0138 U 0.0263 U 0.0254 U S0
Cesinm 137 20,194 10,764 13,434 1,433 517 508 01270 NR. 0.365 U 6.375 U 14,056
Chrosniinn 51 NR NR NR NR MR NR NR NR NR NR
Cobalt 60 27,840 54,772 67,594 2.3 1.99 1.69 0.616 4,403 0.591 0.364 71,153
|cobait-s8 NR NR NR NR NR NR NR R, MR NRJ -1.48E-06 U
Europium 1352 NR NR NR NR NR NR NR NR NR NR 220 U
Buropim 134 7,10 530 18 0.656 U 0373 U 0380 U 0192 U 0157 U 0352 U 0,329 U 663
{Esoprum-153 1,950 k7] 149 FRFIL 0589 U 0910 U 0352 U G163 U 0.346 U 0.343 U 10l
 Rron 59 NR NR NR, NR NR NR MR R NR R U
Itead.m NR NR NR TR WK HR R R NR R
Mg 54 NR 2,26 U 206U_§ 0.00901 U 000434 U | 0.00423 U 0.00159 U 0.00172 U 0.00397 U 0,302 U 0.918 U
Plitosunmm - 238 NR NR R TR NR NR TR NR NE R 217
Plutonitan 239/240 12,693 HR 689 NR NR NR NR NR NR NR 1,589
Polassium 40 NR 4210 4510 0.110 7.02 U 11.6 2.08% 169 17.0 8%
Radivin 226 NR 1,407 U 1,257 U 444 U 616 Y QB U EEERY 2.07 U_J 4939 452U
l%dium-ﬁiDA NR NR NR HR NR NR MR NR NR NR
I@aiumﬁsm NR NR NR. NR NR NR HR NR. NR NR 108 U
Radjum-228 TR NR NR NR NR NR R R NR HR
Redinn-228DA NR NR NR NR NR NR NR NR NR NR
E" iin 106 NR 1] 1] u ] U 1] 1] U 1] )
Rutlienlvin-103 NR NR NR NR HR __NR HR MR HR [T}

Strontin 50 SLI0 - 2875 11,148 1038 1371 1,195 956 166 5.9 [TE] 3457
Technetinm 99 NR NR HR NR NR NR NR NR NR NR ;
{Thoniwn 228 NR 323 U 726 U 739 BS1 U KX 33U =X 324 U 7870 5.54 U
Thorium 232 R “NR NR TR NR R R NR NR TR §220

Tin.125 NR NR NR NR, NR NR, NR NR NR MR

Triffun NR NR NR, NR NR NR NR NR| NR NR

Uraniin 233/234 NR NR NR NR NR NR NR NR NR NR

Uranjum 233 NR NR NR _HR] NE NR NR NR NR NR 0.617 U
Uraninin 238 NR _NL NR NR NR NR NR NR NR NR, L0226 U
l@mﬁmm NR MR NR NR MR MR NR TR NR NR 05U
Zino 65 “NR R NR NR HR NE NR HR NR TR

* Sample scraped from a targe boulder.
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Refl [3) i Quanl Quanterra Quant Q Quant 222-8 222-8 222-8 222-5 2223 T-122.8
Location: [ 199:M-107A | 199-N-107A 199-N-107A 199.N-107A | 199.4-1074 | 199-N-108A | 199-N-108A | 199-N-10BA | 199.N.108A | 199-N-108A | 199.N.108A
Sanpla 1D DOGLSY BOGLS1 BOGLYZ (Dup) BOGLYS BOGLY4 (£B) BOGLD2 BOGLDS BOGLDA | ROGLD4 (Dwp)| BOGLDS BOGLDY
Method:
Sarnpls Collected: 11730195 1205195 1215195 1218198 12/8/95 1179195 1149/93 1110195 111095 11/10/95 11110195
Depth (feet below ground surface): 11.0-13.0 28-30 2830 57.59 . WA 14.5-16.5 18 225 323 28 325
Uhils: pCilg pCifg pCifg pCilg pCilg yCilg pCilg pCi'g pilg pCifg pCilg
Gross slphs 2,530 7.43 6.43 U L 6.61 362 U 1.4 $1.1 £33 U 1.45 U 131U 1,38 U
Gioas beta 131,000 4.480 5,120 293 2.88 1,280 17,600 1,690 2,770 It 218
Actiuniin-228 NR NR NR NR 3 MR NR -NR NR MR NR
Americin 241 1,041 NR MR NR NR NR MR NR NR MR NR
Antimony-1235 NR NR NR NR NR R NR. MR NR R NR
Bismuth-214 NR NR NR NR, NR NR NR MR NR NR NR
Cadminin-109 NR MR HR NR HNR NR NR NR NR NR NR
Cabon 14 NR NR NR NR NR NR NR WR NR NR NR
Cerin-144 0.677 U 20,0062 U 0.0011 U -0.0004 U -0.0011 U 0.682 U 1.09 U 0.225 U 0.159 U 01023 U 0.0706 U
Cesium 134 0877 U 0,0018 U 0.0084 U -0.0032 U 0.0013 U 0985 U 3.04 0.267 U 0.235 U 0.171 U 0.101 U
[Cosiuan 137 11,131 1.9 §.35 0.0138 U 00103 U 7,443 13,949 9.0 . 75.4 FIW) 119U
Chromitn St NR NR NR NR MR NR NR NR NR NE NR
[Cabati 60 61,099 .54 1.6 0.66 -0.00218 U 268 1,677 539 723 .79 D.508 U
Cobalt-58 LHE0S U | SO0E-lO U -1.0E-10 U 1.56E-10 -1.4398-10 U NR NR NR NR NR. NR
réuropium 152 EEEL ] 0.0723 U -0.160 U 00263 U 00350 U NR. NR NR NR NR NR
Buropintn 154 S8 0.104 U 0.0986 U 0,00892 U 000114 U 6.03 U 122 U 2.66 U 2.43 U 1470 1.07 0
Buropinm-133 69.1 0.0103 U 0.0654 U 0,00655 U 0.0177 U 7.84 U 117U 297 U 2.05 U 155U 0.809 U
[iron 39 K] 0.00 U 0.00 U 0.00 U 0.60000 U NR NR NR, R R NR
fLead-214 NR NR NR NR NR NR NR NR NR R R
Manganese.54 0313 U 000161 U | 0000770 U 0,000589 U4 [-0.0001913 U 0.0781 U 0.147 U 0.0209 U 0.0152 U 0.0146 U | 0.00916 U
Plutorin - 238 7 -0,00121 U 0.00791 U 0.00326 U _|-0.0007898 U NR 10.8 NR NR NR WR
[Plutorium 239/240 _ 3,338 0.02299 U 0.0708 000156 U 0.00472 U NR 73.7 NR NR NR NR
{Potassinn 40 554 9,33 9,93 15.7 0438 431 U 433U 484U 130U 354 U 157U
Redinin 226 NR NR NE, NR HR 121 U 200 U 16.0 U 110U 20.8 U 17 U
Iﬁnuium.mm NR NR| 2E-t53 U JE-153 €19E-154 NR 3 NR NR NR. TR
Radium-226DA 245 U 0,345 J 0.368 J 0.364 J 0.189 J NR NR NR NR NR NR
|I-!udium-228 NR NR NR NR NR NR NR NR NR NR MR
NR NR NR NR NR NR NR NR NR NR
1] U U B U u 1] U u 1] 1]
NR| HR NR. NR NR NR NR HR NR NR NR
11,429 1354 1,159 44.3 0.0682 U 113 694 1,146 1,119 172 105 -
Technetivin 99 NR NR NR HR NR NR NR NR NR NR NR
Thoritm 228 225U 0.0738 0.0631 0.0718 00282 653 U 99.6 U 253U 176U 1240 792U
Thoriin 232 156 O 1.08 0388 U 0.624 R MR NR NR NR NR R
Tin-125 NR. NR NR « _NR NR MR NR NR NR NR R
Tritivin NR NR NR NR NR NR NR NR NR NR NR
Urenium 233/234 NR NR NR NR NR HNR NR NR NR NR NR
Urardnim 235 -0.672 U 0.0227 U 0.00386 U 001930 | -o003s8 U NR NR NR NR NR NR
Uraninin 238 9,99 U 0.363 0,441 0.364 0.0127 U NE iR NR NR NR, NR
JUranivm-234 5.2y 0.414 0.472 0302 0.0347 NR NR NR NR NR NR
J2ino 63 NR, NR NR NR. NR NR NR NR NR NR NE.
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Reference Docwinent.. 222-3 122-3 228 222-8 212-3 1223 Quanleira Quaterra Quanterra Quanlerra Quanterra - >
Locaion: | 199-N-108A | 199-M-108A | 199-M-10RA | 199M-108A | 199.M-108A | 199M-108A | 999-M-10BA | 199M-108A | 199-M-10BA | 199-N-108A | 199-N-108A (
Sampte 1:]  BOGLDR BOOLDD ROGLFO BOGLTI BOGLF2 ROGLF3 ROGLT goaL7a | BooL7s (Dwpy | mooLa BOGLEG w
Melhod:

Sample Collected: | 11/1595 1141593 11715095 1115795 16195 11416495 1179183 11710/ 11110195 1115795 11/16/95 Q

Depth (feet betow ground anrface): 42.44 &7 52 9.5 62.63.5 59 14.5-16.5 23.25 23-25 42-44 62:-63.5 =]
Units; pCile pCig _Jcilg _bcis pCVE pcve pCife pCie _bCilg _pCiig peilg o

Gross alpla 1.02 U 1.86 U 246 U 153U 1.65 1470 0.1 7.69 7.60 2.3 29U g
Gross beta 20,9 148 20.0 57 m i 5,750 3,190 1,740 132 318 (=g
Actninm.228 NR NR WR R R Nt NR NR TR NR NR Y
Aameriin 241 NR WR NR WE NR NR .50 NR R NR NR =1
finony-125 NE NR VR R NR MR NR NR NR NR HR =i g
Bismuth-214 NR NR. NR NR NR NR NR NR NR NR NR 2@
Caduiin. 109 NR MR HR NR WR NR HR NR NR NR NR 2
|Carbon 14 NR NR NR NR NR NR NR NR | NR NR NR o g
Cerinn- 144 0.0170 U 0.0967 U 0,105 U 0.15 U 0.0881 U .0.0004 U .0.0063 U 0.0017 U 0.0027 U -0.0006 U -0.0009 U 2 o
[Cogiumn 134 0.0958 U 0144 U 6123 U 0.153 U CRTLAT] G.0828 U 0.939 ~0.0103 U 10,0045 U 0,0042 U 10,0066 U g <
S 137 154 U 202 U 131 U 224 U 183 U 1.65 U 6015 394 58.5 0.00626 U 00182 U — a
Chromitin 51 NR NR NR NR NR NR MR NR NR NR NR -y
[Cobalt 60 0424 U 3.407 U 0.698 U 0.501 U .50 U 0308 U 10 361 368 0177 0.273 = B
[Cobalt-58 NR NR NR NR NR NR 0.00 U B U -1g-10 U $B-10 U 28-10 U g w
Burephin 153 NR NR NR NR NR MR 0641 U 0.00721 U 0.0486 U 00525 U | -0.00641 U Q g_.'
Europivin 154 1.50 U 2080 251 U 230 U .78 U 1.61 U 545 015 U 0.155 0.0654 U 00150 U oy
[Evropinin13s 0957 U 1.04 U 1.305 U 128 U LEU_ 0ETS U_ 115 0,00634 U 0.0546 U | -0.00394 U 00532 U = 3

Tron 59 NR R NR NR NR NR 814 U | 344714 U | 20766-1A U | 64114 U _J 1058E-1A U o

Lead-214 NR NR NR R NR NR NR NR NR R NR g B
[Msnganese-34 0.00023 U 0.0152 U 0.0155 U 0.0137 U 0.0113 U 0,0120 U 0.014 0000876 U | 0.000764 U | .0.000281 U | -0.000127 U —_ o
YPifonivin - 238 NR NR MR HNR MR NR .1z U 0.10082 U G058 U | .0.00361 U ] : g
[Fiioniim 2307240 NR NR NR NR NR NR 12.6 0.0210886 U | 0.9008367 U | -0.003758 U |-0.0041578 U Q o
[Potasiiin a0 FIU M2 U 726 U 3510 166 U 36.0 U 3.7 J 8.8 J 1583 0.9 J A6 o g’
{Radiin 726 29 U 162 0 2B U 0.3 U 147 U TARY 154 U 0598 3 08063 | 04997 0.513 & crg =
{Radinn224DA NR NR NR NR NR NR NR| JE-15% JE-155 $E-155 1E-155 w®
Redm. 226DA NR NR NR NR NR NR HR NR NE NR NR -
Iﬁ?&ﬁﬁzs NR NR NR NR NE TR VR WR WR NR NR] S o
{Radinin.228DA NR NR NR NR MR NR NR NR NR e ‘g
[Rutkieninm 106 U U ) u U u u u u u u ~ g
Ruthstian-103 NR. NR R R NR NR HR NR NR NR NR -
l'smsumgo 3.7 3.8 1.3t 1T 1.8 [ §19 1264 1,53 ) 117 2
ITochmimnyo NR NR NR NR MR NR NR NR NR | NR NR o
Theriun 228 753 U 977 U 1.6 U 150 931 U 776 U 0.114 U. 0.135 0.168 0115 .0974 4
Thorivm 232 NR NR NR NR NE NR NRER MR 1.12 0.595 .82 —
Tin-125 MR NR NR NR NR HR NR NR, NR NR. NR W
Tritivin NR NR NR NR NR NR NR NR NR NR NR =t
Urertun 233/234 HR NR NR NR MR NR NR NR NR NR NR '
Uranfinn 235 NR “NR NR NR NR NR| 041U 0.0762 U 0104 U 00324 U 0,0268 U Z
Ureniven 338 NR | HR TR NR NR NR 1.7 0323 U 0842 0.487 0.48 Py
ran3a4 TR NR “NR R WR NR o U 0407 U 1.00 5534 3393 e
[ﬁwss NR NR NR NR NR NR NR NR NR NR NR th
Z.
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Reférence Document.: Quniterrs 122-8 222-8 222-8 1228 -8 221-3 212-8 222.8 222.8
Locatien: 199-N-108A F99-N-109A 199-N-108A 199-N-109A 199-N-109A 199.N-109A 199-M-109A 199-M-109A 199-N-109A 199.-N-109A
Sampls 10: | BOGLISED) BOHIVT BOH1IVR BOHIVY ROHIWY BOMIW2 (Duy) BOH1W3 BOHINWY BOHIWS BOFISNG
Method:
Sainple Collected: 11415195 1219493 12120195 12/20/95 12122095 1242295 122295 1227785 12/27/95 12128195
Deptl (feet below grownd surface): NIA 810 10-12 17-19 24-26 2426 30 3941 50 50.61.5
Unils; peilg peilg —PCiE pove pie pcife Pl pCilg pCig pCilg
Gross siplia 299 U 526 0.969 & LIS U 0.981 142 U 0.912 145 U 1.18 0.957 U
“{Gross bela 214 U 1,440 1,610 519 M6 319 ns 30.5 113 2.3
Actininn-228 HNR MR NR NR NR NR
Alnericinm 241 NR 6.456 NR NR NR NR NR NR NR MR
[Aniunony-125 NR MR NR NR NR NR NR NR MR NR
[Bisptn-214 TR MR NR NR NR
Cadinimn- 109 NR NR NR NR NR NR. NR NR MR NR
Carbon 14 NR NR NR NR NR NR NR NR NR NR
Cerimin-144 0.0006 U 0.0596 U° 0,029 U 0.0177 U 0.0657 U 0.0378 U 0.6343 U 0.0108 U 0.0t18 U 0.012) U
G 130 20.0034 U D.0BSL U 0.0194 U 0.0160 U "0.0743 U 56342 U 0.0446 U 0.0142 U 0.0157 U 0.0168 U
Cesivin 137 0.0120 U 330 0.183 U 0.125 U 0444 L 0,370 U 0.456 U 0.125 U 0135 U 0.128 U
Chromiwn 5§ -1B-22 U NR NR “NR NR NR NR NR. NR NR
Coball §0 -g.0l42 U 116 1.98 0.851 0.393 1.0 1.43 0.2130 0.646 0.735
Cobalt-58 -1E-10 U NR NR NR NR NR NR NR NR NR
Enropivm 152 -0.0297 U NR NR NR NR NR NR NR NR MR
Eurapium 154 0.00584 U 0.706 U 0,223 U 19U 0.308 U 0.440 U 0458 U 0178 U 0229 U 0.210 U
§Europlun-153 -0.0154 U 0,678 U 0335 U o.an v 0.520 U 0.520 U 0409 U 0.131 U 0145 U ENTERH
Tron 59 -3.5418E-15 U NR HR MR NR NR NR NR NR T NR
Lead-214 NR “NR NR NR NR
Masig. 54 0.000151 U 0.0198 0.00220 U 000185 U 0.00700 U_ 0.00356 U 0.00419 U 0.002 U 0002 U 0.002 U
Plutoninin - 238 -0.00534 U NR _N'E NR MR NR NR NR NR NR
Phntoninn 2397240 -0.00186899 U NR NR NR NR NR NR NR . NR NR,
Polsssiuin 40 5.68 J 10.1 9.18 6.56 179U 19 6.38 U 9,96 [EX1] 13.9
" [Faim 228 0357 3 930U 327U 229 U 9.58 U - 481 U U 177 U 201 U 158 U_|
Radinn-224DA 9E-156 NR NR NR NR TE-150 WR HR NR NR
Radiann-226DA MR NR NR NR NR NR NR NR NR NR
Radivn-228 NR NR NR NE 33 NR NR NR NR NR
Radivin-228DA NR NR NR NR NR MR MR NR MNE
[Ruthesiin 106 U u U U u U U U u 1]
Rotetonin 103 “6E-16 U NR NR NR NR NR NR NR NR NR
hstromium 90 0.242 957 767 293 17 130 1) 2.07 4.09 160 .
Teclnetinm 99 NR NR NR NR NR NR NR NR NR NR
[Thormn 228 _ 0.0416 S8 U 2.90 U 1.91 U Ay 452 U 366 U 1.16 U 126 U 131 U
Thotimn 232 ' NR NR NR NR MR NR MR NR NR NR
Tin-125 2E-60 U. NR NR NR NR NR NR NR R NR
Tritinin NR NR NR HNR MR NR NR NR NR NR
{Ursnivin 233/234 NR NR NR NR NR NR NR NR NR NR
Uranivin 235 -0.00146 U MR NR NR NR. NR NR NR NR NR
Ursifuin 238 0.0892 NR NR N} NR, NR NR NR NR NR
Uraninn-234 NR NR NR NR NR NR MR NR NR NR
Zing 65 NR NR MR NR NR NR HR NR HR MR

(SJ0 pa3ed) ‘1007 ‘I Arenuer 0) pakedra(
N-STET/N-T0ET 83N Pajedo] sajoadog Moy [10§ Ul PIjIdNd( SUONRIIUIIU0)) *€-V Iqe.

A9y
26010-1HE



BHI-01092
Rev. 1

Table A-3. Concentrations Detected in Soil from Boreholes Located Near 1301-N/1325-N

Decayed to January 1, 2001. (Page 5 of 5)
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APPENDIX B

YOLUME CALCULATION PACKAGE
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Originator_J. D. Iudowige Date i§-Sep-57 Calc. No. Q100N-CA-VOQ02 Rev Ne
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Subject Soil Remediation Volume for 1301 ;{ and 1;25- Sheet No. 1 of 18

Purpose. The purpose of this calculation is to estimate the quantity of contaminated soil and
sediment requiring disposal from the remediation of 1301-N and 1325-N. The corrective
measures study for 1301-N and 1325-N (Ref. 1) identified remove and dispose as the preferred
option for remediating these sites. An engineering study (Ref. 2) was commissioned to evaluate
the issues associated with the remove/dispose option and to recommend an optimized

. remediation option. The purpose of this calculation is to quantify the volume of contaminated
media and to calculate the concentration of radioactive contamination associated with these
media. The values calculated herein will be used as the basis for a cost estunate and radiation
dose assessment for the project.

Input Data.

Crib Dimensions
1301-N Crib: Drawing H-1-30589
1301-N Trench: Drawing H-1-288355
1325-N Crib: Drawing H-1-45090
1325-N Trench: Drawing H-1-48894, 48895

Radionuclide Concentrations ' .
Surface Sediment: ' E Tables A2-1 and A3-1 in the
o : ' Limited Field Investigation (LFI}
(Ref. 3).
Soil Borings (199-N-107A, 108A and 109A): Table A8-1 (Radionuclide
. . ' Concentrations) and Figures B1-
1 through B1-3 (Borehole Logs)
in the LFI (Ref. 3).
Assuﬁ:ptions

The Engineering Study (Ref. 2) makes severa.l key assumptions regarding the character of the
contaminated soil beneath the cnbs and trenches [these assumnptions are discussed further in the

- engineering study (Ref. 1)]: -

1. The 5 ft thick contaminate_d layer (Ref. 1.) can be broken down into two layers based on

2. The upper 1ayer containing the bulk of the acnvxty, is 1 ft thick and is réferred to as the
high actlwty layer. : .

3. The 4 f: thick layer immediately below the high activity layer contains radioactive
contamination levels significantly less than the high activity layer (low activity layer).
B-2
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4. The high activity layer is characterized by the average radionuclide concentrations taken
from the surface of the 1301-N Trench during the latter years of its operational phase °
{1980 to 1985) These data are labeled TS-01 through TS-09 in Table A2-1 of the LFI

(Ref. 3).

5. In calculating average, ignore data point with 2,800,000 pCi/g Pu-239/240 as being
unrepresentative of the whole.

6. The same layers and activities are common to 1301-N and 1325-N Cribs and Trenches.

7. The low activity layer is characterized by the samples collected from borehole
199-N-107A [Table A8-1 of the LFI (Ref. 3)}. :

. 8. Operational limit at ERDF would currently restrict alpha emitters (Pu-239/240 and Am-
241) concentration to 270 pCi/g [basic assumption in the engineering study (Ref. 2) ].-

9. Operational limiit at ERDF could be raised to 2,000 pCi/g [basic assumption in the
engineering study (Ref. 2) ].

10. Am-241 concentration is about 25% of the Pu-239/240 concentration.
These assumptions are carried through this calculation.
References.

1. DOE/RL-97-39, 100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures
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"Data Hource: prr 2] 122-8 2128 122-8 222-3 2218 ©922.8 1213 1.8 333.8 ']
Locailon: § 199-N-107A | 199.N-107A | 199-N-107A | 199.M0.1074 | 199-N-107A | 199-M-107A | 199-N-107A | 199:M-107A | 159-M.107A | 19901074 | 199.00-107A
Sample D:{ POGGCI* | BoAL¥A noGLrs DOGLI? BooLPs  |nooLve @up)| BoOLFY BoGLGo | BooLat BOHIVE PoaL
Method: | : o
Swmpte Colleeted:{ 9725938 [ . 1172993 11130198 12/3/93 12/5195 12/3193 12/6193 12898 12/8/93 120198 11/29/93
Devailon {feet above mea
sealovely] /A 4301449 449447 o 432430 3430 420 1o 403.401 391 430449
Depth (fe¢1 belowy groundy . _
itface)]  NA le 1 I}a 1:! 28-30 29-30 40 50 .59 | e 9.011.0
™ Y pC C C cl cl [ Cly Cl Y C
Grows sgh 13,900 1] Ji.m "2520 _ﬁ'—w%—%&%ﬂ'%# K]
Orots beta 308,300 63,700 €9,600 ._4310 1,010 1,450 1,660 s _ i24 [TE] 130,000
Actinlum-278 _NR NR NR NR NR NR MR NR NR NR R
Amerdclum 244 17;300 56 1,110 NR NR R NR NR NR NR 1.110
Antlmony-123 ) M VR R NR NR KR R R 1) I
Blimuth-214 “NR NR NR mi NR NR NR R NR R |
(Cadmium-109 NR NR NR NR NR NR NR NR NR i NR|
Carbon i4___. MR NR NR NR| NI Nit NR R NR i R
ICeﬂum_- I NR WelU | 402U 1120 63 U NR_ 231 U 117 U 748 U 243 U 130U
Ceslum 134 NR 919 U AU 1.€1 0142 U 0125 U 0,097 U 0.076 U 0344 U 0.461 U MU
[ceslum 137 101,000 12,100 1550 |30 Y] 5.6 0.143 U NR oAU |~ 04U | 15800
Chromium 31 HR MR NR . NR NR NR NR NI TR MR
Cobat €0 56,300 107,000 | 131,008 23.$ [ 818 13 0.78¢ .13 0,709 139,000
Coball.58 NR . NR NR NR NR NI NR NR MR NR 400
IBuroplum 152 NR NR NR ... NR NR NR NR NR NR NR 245 U
Europium 134 11,400 1,030 1,370 0578 1] 035TU | 03670 046 U 034U | osuU 00U 350
Auropiume198 4130 3158 04 333U 2010 185 U 0716 U 03320 | o003 U 0657 U_ 107
fron 39 MR NR NR NR NR NR NR ~_NR NR NR 40U
Losd 214 NR NR NR NR R NR R R NR
ManganeeeS4 - NR 140 U 1270 | o368 U 0,268 U 0338 U 00970 | o.iof U 024t U 1830 610
Plutoplum » 233 NR NR R NR NR NR N NR NR NR s
Plulorium 239/240 11,700 NR [ NR NR NR NR NR NR NR| 1390
Potamfam 40 : NR 412 U 4510 0. 7.02 U NR 11.6 208 1169 7 379
Redium 126 Rl 140U | 260U SU_ 6.1 U 938 U 336U | 20710 AU inu R
Redlum-224DA NR MR]. NR NR R NR NR NR NR NR NR
Radium-226DA _NR NR R NR Nit NR N "NR NR NR|. 104 U
Radlum-228 NR NR NR HR NR NR NR NR NR NR NR
Redlum-228DA NR NR NR. NR, NR} NR, NR NR NR NR NR
Ruthenlum 106 NR| 930U | 170U WU 481 U 469U 148U L6 152U 336U 09U
-ln_mne‘aTm-noa NR R NR NR NR i NR : NR NR) - Nl bR MR
Strontum 50 31199 3,150 12,600 1,178 1,559 1,380 080 iis 0.1 3| 9%
Technetium 93 IR TR T2 I R _ IR R TR it FiR| R
(Thortam 228 iR|__33i0 U 4650 U i1 (TR 41] 0.4 195U _ XA 060 02U 383U
Thotlum 232 NR NR NR NR NR NR NR NR N NR 621 U
Fin-173 NR R NR NR NR NR R NR Il S
1 NR NR Rt NR NR NR NR NR NR NR
7] NR NR TR NR NR R NR R NR R NR
3 NR NR NR NRt NR N NR. NR NR{ NR]— 0.677 U
3 "R Nit NR NR NIt NR NR NR Nit NR] 0226 U
NR *NR R FR HR NR NR NR| . Hit NR 103U
- i i i3 i R R R
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"Dita Source:] VIS eis s [T 1718 1228 7138 ] T} X
Location: | 199-M-1074 | 19980074 | 199-N-107A | 199001074 | 199000074 | 199-N.108A | 199.00-108A | t99-M-tosA | 199200084 | 199001084 | 199.M-1024
Ssmple 10:]  DOGLAY NoGLOY | NOOL92 (Dup)] DOGLYS |mocise@m] mnoorp2 | Boorbs | mpooe;y [noorpemup) woorps | mooLo?
Method:
Sample Collected:}  19730/93 15198 18199 1218198 128/95 119198 1119/ 111098 wions | ounoes | oo
Hlovation (fect above mesr .
weafovel)) H9-447 43430 432-430 403401 - 44344} 439 438-432 434432 429 424.%
Depth (feet betow ground]. - _ . - -
wifice)] 040120 2830 z::;o ) 51-;9 Nf{r\ 14.9-16.8 “v 2328 128 2 328
- Unlts: ___pC kK C C 7 pC pCl] Vi
T | SO o .0 C - 1 U S £ B T 1
Groti beta 131,008 4,480 $130 29 148 3,180 17,60 3690 3700 6 s |
Acinium:228 NR NR NR NR NR NR NR NR NR NR NRY
[Americium 241 1,050 NR NR i NR NR NR Nt NR R )
Antimony-123 NR R R R R T NR NR NR NR R
Blsmuth 21 NR NR NR NR| - NR NR NR NR NR R R
[Cadmium-T05- NR NR R NI MR R HR NR NR NR NR
I_C_ubonll N - NR NR R NR NR NR Nit NR NR R
Cedum-144 619 U 031U | o009ty | 00370 | 01030 66,7 U 107 U U 350 120 585 0
[Ceatum i3¢ TN 2001 U | 00490 [ 001170 | 00034 U 554 U (12 i3 U U | o) oenu
[Ceatom 137 12,500 1.46 1) 00144 U |_ 00118 U 3,308 18,70 [T I 4.1 RTKi]
Chromium 81 NR NR NRt NR MR NR NR NR |
lc.imco 120,000 434 3.57 139 | -0.00425 U 13 3300 104 143 38 0999 U
[Cobairss 400U | 00303 U | -0.00193 U 0.0116 0,055 U NR R R Rl WR m
{Busoplum 35 J11U | o096 | 0207 U 00341 U | 0063 U ._NR NR R NR NR iR
T $01 0.3 U 0047 U 0.013 0 | 00017 U .03 U AU 3.5 U] FXIXI] 27 ( 6t U
1 00209 U 0,833 U 00133 11 | 0.0359 U 61U 201U 609 U _ 42U EXTET &8 U
2 U CFTRTN BRI TA] 0.07 U_] -0.09360 U0 1 R R 2 ) R,
; MR bt NR NR it NR, - NR NR R R HR|
t08-34 1530 | 6050 U 0.047 U 60370 | 00116 U 503 U 349 U _ 138 U 091U | 0500 | osaiu
Flutotdum - 238 46 000126 U_|_0.00033 U_ | 0.00339 U _|.0.000832 U NR 3 MR NE| MR il
[Plutonium 2397240 3,340 00D U | e.0108 00156 U | 000472 U NR NR NR NR NR
fPolssalum €0 854 9.9 .93 1511 048 s$1U [IRRT 484 U [FX1] 340 7 U
Redlum 376 NR NR NR R iy 200 {3610 MIU | 2080 T U
Radlum-1TADA T NR NR 0.552 U 9.43% 90,0857 NR NR| NRY NR . NR NR
|Redfum-226DA BU| o036l 0369 J 03653 0.109 § NR NR N NR R VR
NR NR NR - NR NR R NR R NRt NR
NR NR NR | 0.961 NR ::Tn R NI “NR NR TR
a3 u 040U | 03030 1 06U | 00N U | 109 11X1] AU} 64U 6 U 1]
— R TR R NR NE R 3 — Nt T R
9,708 - $,530 _131 [T 00Uy 13 743 110 | 1,390 198
| ity HiL MR NR MR R MR R R
K] (X7 0.401 0.463 0179 a1 (1K) 1680 THL] 0y
138 U A | oy L6l _NR R R NR _NR _ N
NR NR R HR NR iR MR NR R NR
R NR NR IR NR NR R, NR| NR NR
NR __IR R R VR R R N R
-0.672 U 0317 0,00316 U 0.0} U ) 000093 U NR NR NR NR
999 U 0.363 L RTTH 364 00111 R NR NR NR NI
J1U X 0479 30| eoa NR NR NR NI R
. TR ¥ i i R

(€230 61 982d) N-SZEUN-TOET T%3N pasedor]

7—

6010-THE



S

LaUi-k 17E€RtN

BHI-01092

Rev. 1
Attachment - SheetNo._{ of 3
Originawr__ T~ D Lot Zeed 52 Daw -1 2-72
Chk'd By i Date V7
Cale. No. 2UON/ ~C A4 - VOPZ 2, Rev.No.

c D E il & v rz- T K Z 7
12 Length, ft 114.43775600736 28E.40596387731 27 260.192236625154  {194.486503387767 [364.943831294625 ’
(3
(4
High Contamination Layer High Cont. Layer Cross-
Thickness, ft Secticnal Area, sq ft Flume Volume A Volume B Volume C Volume D Volume E Total
5o =2.09"C1642+28.02*C15 =E$12*$D15 =F$12°$D18 =G$12*3D15 =H§12*$D15 =1$12"$D15 .|=J$12*3D15 =SUM(E15:J15)
14105 =2.08"C16"2+28.02*C16 =E£$12*$D16 =F$12*$D16 =G§12°$D16 =H$12*5D16 =1$12*3D16 |=J$12*$D16 =SUM(E16:J18)
{71 =2.09*C17/2+28.02*C17 =E$12°3D17 =F512°8D17 =G$12*$D17 =H$12*$D17 =1$12*3D17 =J$12*$D17 =SUM(E17:J17)
{§|=0.5+C17 =2.09*C18/2+28.02°C18 =E$12°3D18 =F$12*$D18 =G$12*3D18 =H$12*$D18 =$12*3D18 - [=J$12°3D18 =SUM({E18:J18)
i7]=05+C18 =2.09*C19/2+28.02*C19 =E£$12°$D19 =F512*$D19 =G$12"$D19 =H$12*$D19 ={$12*$D19 =J$123D19 =SUMIE19:J19)
2.01=0.5+C19 =2.09*C20/2+28.02*C20 =E$12*$D20 =F$12*$D20 =G$12"$D20 =H$12*$D20 =1$12*3D20 =J$12'$020 =5UM(220:J20)
2] 1=0.5+C20 =2.09*C2112+28.02*C21 =E$12°$D21 =F512783D21 =G$12*3D21 =H$12*$D21 =1$12*$D21 =J$12*$D21 =SUM(E21:J21)
2.25=0.5+C21 =2.09°C22/2+28.02*C22 =E$12*$D22 =F12$D22 =G$12"$D22 =H$12*$D22 =1$12*$D22 =J$12°$D22 =SUM{E22:J22)
231=0.5+C22 =2.09*C2342+28.02*C23 =E$12°$D23 =F§12*$D23 =G§12"3D23 =H$12*$D23 =1$12°3D23 =J§12°$D23 =SUM(E23:J23)
244=0.5+C23 =2.09"C24/2+28.02*C24 =E$12°$D24 =F512*$D24 =G§12*$D24 =H$12*$D24 =1$12°$D24 - |=Jd$12°3D24 =SUM(E24:J24)
251=0.5+C24 =2.09"C252+28.02*C25 =E$12*$D25 =Fi12*$D25 =($12"$D256 =H$12*$D25 =[$12°$D25 - (=J$12°$D25 =SUM/E25:J25)
24 "
28
High Contamination Layer Low Contamination Layer
Thickness, ft Cross-Sectional Area, sq ft Flume Volume A Volume B Volume C Volume D Volume E Total

27=C15 =312.5-D15 ' =E$12*°$D29 =F312*$D29 =G$12*$D29 =H$12"$D29 =1$12*$029 =J$12"3D29 =SUME29:J29)
2£=C16 =312.5-D16 =E$12*$030 =F$12*$D30 =G$12*$D30 =H$12*$D30 =1$12"3$D30 =J§12°$D30 =SUM{E30:J30)
3/=C17 =312.5-D17 =E$12*$D31 =F$12*$D31 =G$12*$D31 =H$12*$D31 =1$12"$D31 =J$12*$D31 =SUME31:431)
22F=C18 =312.5-D18 =E$12'$D32 =F$12*$D32 =G$12*$D32 =H§12*$D32 =I1$12"8D32 =J$12*8D32 =SUM:E32:J32)
321=C18 =312.5-D19 - =E$12°$D33 =F312"$D33 =G$12*$D33 1=H$12*$D33 =1$12*3D33 =J$12*$033 =SUM(E33:J33)
244=C20 =312.5-D20 =E$12"$D34 =F312*$D34 =G$12*$D34 =H$12*$D34 =1$12*50D34 =J$12°3D34 =SUM(E34:J34)
251=C21 =312.5-D21 =E$12*8D35 =F$12*3D35 =3$12*3D35 -1=H$12*3D35 =1$12*$D35 =J$12*$D35 =SUM(E35:J35)
34]=C22 =312,5-D22 =E$12°$D36 =F$12"$D36 =G$12*$D36 =H§12*$D36 =i$12*$D36 =J$12°3D36 =SUM(E36.J36)
371=C23 =312.8-D23 =E$12*30D37 =F$12"$D37 =G$12*$D37 |=H$12*$D37 =i$12"$D37 =J$12*$D37 =SUM{E37:J37)
8 |=C24 =312.5-D24 =E$12°$D38 =F$12*$D38 =G$12*3$D38 =H$12"$D38 1=1$12"$D38 =J$12°$D38 =SUM(E38:J38)
74 |=C25 =312.5-D25 =E$12°$D39 =F§12"$D39 =G§12°3039 =H$12°$D39 =[$12"$D39 =J$12°$D39 =SUM(E39:J39)

B-21




TELULRY L1TUIIR

C D £ . £ & /7 7
12 Length, ft 750 750 750 750
t3
14 . . .
High Contamination Layer Thickness,| High Cont. Layer Cross- Secticnal ]
ft Are:u, sq ft Volume W Volume X Volume Y Volume 2 Total
15 [o =2.09"C15"2+43.2*C15 =E$12*3D15 =F§12°$D15 =G312"3D15 =H$12*3D15 =SUM(E15:H15)
{b o5 =2.09"C16*2+43.62°C16 =E$12*$D16 =F§12*$D16 =G§12°3D16 =H$12*$D16 =SUM(E16:H18)
N =2.09"C1742+443.{2"C17 =E$12*3D17 =F$12*$D17 =G$12$D17 =H$12*3D17 =SUM{E17:H1T)
1g[1.5 =2.09"C18%2+43.(:2"C18 - =E$12"§D18 =F$12°$D18 =E812°$D18 =H$12*$D18 =SUM(E18:H18)
1?7
2p
2
High Contamination Layer Thickness,| Low Contaminztion Layer Cross- _
ft Sectiona’ Area, sq ft Volume W Volume X Volume Y Volume Z Total
22|=Cc15 =387.5-D15 =E$12*$D22 =F§12"$D22 =G$12°$D22 =H$12"3022 =SUM(E22:H22)
23|=C16 =387.5-D16 =E$12"§D23 =F$12°3D23 =G$12"8D23 =H$12*$D23 =SUM(E23:H23)
2H=C17 =387.5-D17 =E§12*$D24 =F$12"$D24 =G$12"3D24 =H$12*8D24 =SUM(E24:H24)
25)=Cc18 =387.5-D18 =E$123D25 - [=F$12*3D25 =(3312"3D25 =H§12*$D25 =SUM(E25:H25)
. Arachment 3

Otiginator__.7. 0. Z ie A0 s S
Chi'd By %
Cak. No. /%%

A - V&L 2
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fard
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g C £ (o7 z J
T Veowme, Cubic Feet
54‘9‘”'?“/‘, » Sheel” T2
. [y -
ERDF Oper-ational Limit, Estimated Am-241 Cone., ThS #TF . This AHtachmess
pCilg Pu-239 Conc., pCilg pCig Diution Factor 1301-N Crib Trench 1325-N Crib Jrench Tetal Total Vokime, Cubic Yards '
40649 =0.25°C12 =36250 OLUMES XLS[1301-N J rench'$K§ 17 60C00 VOLUMESXLS]1325-N TrenchISES 17 =SUMFIZITS) =357
1873 =0.25°C13 =4"36250 *[VOLUMES XLS]1301-N TrenchTSK$31 =4"60000 =TVOLUMES XLS]1325-N Trench1SE$24 =SUM(F13:113) =H¥27
ZSUMF12:F13) FSUM(GIZG19) =SUM(HTZH13] =SUM{IZ113) . =SUM(32:]13) =SUM{K12K13)
270 ~{$C12+3D12V$B81S  |[=F1ZSEI5 “GIZSETS =H12'$E15 =112-3E15 =SUME15115) T
+{$C13+3013)86815 =F13'$E16 =G13"$E16 =H13"$E16 =113*$E16 =SUM(F16:116) =627
=SUM(F15:F16) =SUM(G15:G16) =SUM(H15H16) =SUM(I15:116) =SUM($15.J16) =SUM(K15K186)
1080 2 {$C12+3D12V3BS18 =F12*SE18 GI2°SE18 =H12'SE18 =H2$E18 =SUM(F18:118) =827
:{$C1343D13)/$B518 =F13"$E19 =G{3*$E18 =H13*3E19 =113°$E19 =SUM(F 19:119) =127
=SUM{FIB.F19) SSUMIG18:G19) =SUM({HTB:H1S) =SUM(I18:19) =SUM(J18:019) =SUMKIB:K19)
> igh Exposure 2000 ={$C12+3012¥58521 =F12°3E21 =G12°SEZ1 =H12°$E21 =HZ"$E21 J=SUMEZLED) =J21127
2% at|{Cow Exposure ~(5C13+8D13956821 =F13°$E22 =G13"3E22 =H13$E22 =H3"$EZ2 =SUM(F22:122) =522027
23327 dumztmz) =SUM(G21:G22) =SUM{H21:H22) =SUMIZ1122) =SUM(J21:022) SUM{RZ 1-K22)

otal
P G-7-95
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Bechtel Hanford, Inc. CALCULATION SHEET iﬁi}j‘{w”

'l 4
Originator_Mike Wesselman Date 10/10/87 Calc. MNo. _100N-CA-V0004 Rev No 0
Project 100N CRIBS, RAWD Job No. 22182 Checked | ¥ Date:10/10/97
Subject Dose Estimates for Workers Inveolved with Remediating 1301N &£ 1325N
Sheet No. 1 of 18

Dose rates for worker expected to spend time in low dose areas or more than 30 feet from B-25
boxes and drums.

This group includes all workers not directly involved with the excavation in Option 2. Laborers
and RCT’s at ERDF in options 3 and 5 and the water truck driver in all options.

The 1995 Man Carried Radiological Detection System (MRDS) survey (File ID #'s
1325C826.dwg & 1301C826.dwg) shows dose rates along the edge of 1301N and 1325N range
from .1 10 100 mR/hr. Removing the panels, allowing 6 vears for the decay.0£€0-60 between
1995 and 2001, and applying 2 feet of overburden is expected to reduce doses in these areas to
between background and 1 mR/hour. A dose of .1 mR/hr is used when caiculating the exposures
to these workers. A value of .03 mR/hr was used for estimating exposures for workers in similar
functions at the 100 BC remedial action and the estimated exposures have been higher than the
recorded ones for over a year.

Modeling with MICROSHIELD version IV software, using sample results from 1995 drilling
operations shows that 2/3 of the 1995 dose rate is from Co®. By 2001 the dose rates from Co-60
will decrease by at least 55% which should decrease the total dose rate by at least 35%.
Modeling shows two feet of fill over the most contaminated areas reduces the dose by at least a
factor of 100 ( See Microshield DOS File “TRENCS” output for Case number 1, no buildup
divided by the output for case 4 , no buildup). It is assumed that this will reduce exposure in
surrounding areas as well. It is further assumed low dose areas of .1 mR/hr can be created in the

work area using steel plate. soils or crib panels for shielding and workers can move 10 even
lower dose areas when working near 1325 N,

The same dose is used to represent “shine” through less contaminated overburden from high dose
items and soils placed at the Environmental Restoration Disposal Facility (ERDF).

Dose to Workers with Blended Wastes.

This appiies to all workers near filled containers in Option 2 and workers near filled RCI
containers in options 3 & 4.

Modeling shows that the most highly contaminated soils can be shielded to near background
levels if three feet of soil is between the source and the receptor ( See Microshield DOS File
“TRENCS5” output for Case number 4, no buildup). The “blending” operation will provide
shielding to the driver and anyone in Container Storage areas by placing the medium radioactive
soils in the center of the container. It is assumed that the blending technique can be modified to
ensure all workers are shielded. Based on current sample data, medium contaminated soils will
not occupy more than 60% of the container. Most containers will have levels below this. Dose
rates consistent with current remedial actions were selected.

C-2
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MicroShield 4.21 -

Page : 1
DOS File: TRENCS5.MS4
Run Date: September 14, 1997

BHI-01092

Rev. 1
Serial #4.21-00949
Bechtel Hanford, Inc.
File Ref:
Date: i / ! 77
By: nég
Checked:

Run Time: 10:39 p.m. Sunday
Duration: 0:04:17 '

Case Title: model of trench
GEOMETRY

Dose point coordinate X:
Dose point coordinate Y:
Dose point coordinate Z:
Rectangular volume width :
Rectangular volume length:
Rectangular volume height:
Shield 1:

Air Gap:

Source Volume:

4000000000 cm™3

+5 yrs 0-3' ovrbrden 1luC/g ea Co60, Csi37

13 ~ Rectangular Velume

centimeters feet and inches
570.0 18.0 8.4
500.0 - 16.0 4.9
5000.0 164.0 .5
10000.0 328.0 1.0
400.0 13.0 1.5
1000.0 32.0 9.7
'91.44 3.0 .0
78.56 2:0-7 6.9

141259. cu ft. 2.44095e+8 cu in.

MATERIAL DENSITIES (g/cm”3)

Material Source Shield 1 Air Gap
Shield Slab
Bir 0.00122
Concrete 1.8 1.5
BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1
INTEGRATION PARAMETERS
Quadrature Order
X Direction 10
Y Direction 20
Z Direction 20
- - SOURCE NUCLIDES
Nuclide curies microCi/cm™3 Nuclide curies microCi/cm™3
Ba-137m 5.3974e+003 1.3493e+000 Co-60 3.3161e+003 B.2902e-001
Cs-137 5.7055e+003 1.4264e+000




~d

rPage 2
DOS File: TRENCS.MS4
Run Date: September 14, 1997
Run Time: 10:39 p.m. Sunday
Title : model of trench +5 yrs 0-3' ovrbrden luC/g ea Co60, Csl37
====== RESULTS FOR SENSITIVITY REFERENCE CASE {(Shield #1 = 91.44) ======
Energy Activity Energy Fluence Rate Exposure Rate In RAir
(MeV) {photons/sec ) (MeV/sqg cm/sec) (mR/hx)
No Buildup With Buildup No Buildup With Buildu
0.0318 4.134e+012 2.691e~066 1.386e-022 2.242e-068 1.155e-024
0.0322 7.628e+012 4.697e-064 ° 2.658e-022 3.780e-066 2.13%9e-024
0.0364 2.776e+012 1.451e-047 1.481le~022 8.244e-050 8.416e-02F
0.6616 1.797e+014 2.357e-001 1.043e+001 4.569e~004 2.023e~00z
0.6938 2.001e+010 3.609e-005 1.480e-003 6.969e-008 2.857e-00¢
1.1732 1.227e+014 6.323e+000 1.146e+002 1.130e-002 2.047e~00:2
1.3325 1.227e+014 1.350e+001 2.040e+002 2.342e-002 3.539%9e-002
TOTAL: 4.396e+014 2.006e+001 3.290e+002 3.518e-002 5.788e-00:
SENSITIVITY RESULTS For: Shield #1 (cm) )
Case Sensitivity Energy Fluence Rate Exposure Rate In Airx .
Number Variable (MeV/sg cm/sec) {mR/hr)
Value. No Buildup With Buildup No Buildup With Build:
1 0.0 3.342e+005 7.776e+005 6.000e+002 1.403e+00:
2 30.48 7.941e+003 5.134e+004 1.406e+001 9.160e+00°
3 60.96 3.722e+002 4.123e+003 6.549e~001 7.294e+00
4 91.44 2.006e+001 3.290e+002 3.518e-002 5.788e-00:

BHI-01092
Rev. 1

Use the Display Menu For Energy Grbup Results For All Cases.
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. Bechtel Hanford, Inc. CALCULATION SHEET

Criginator Mike Wesselman Date 10/10/87 Cale. No. _100N-CA-VO0O04 Rev No 0
Project 100N CRIBS, RAWD Job No. 22182 Checked i Date:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N
Sheet No. 2 of 18

Dose 10 Track hoe & Forklift Operators.

This exposure estimate assumes a track hoe with a 30° boom arm (similar to a Caterpillar 325L
excavator). The dimensions of a trackhoe bucket are assumed to be 1 meter cubed. The dose rate
from the bucket will only be a minor addition to the operator’s dose. The MICROSHIELD model
shows by applying shielding to a trackhoe “thumb” and using a bucket with 1" thick sides, dose
rates from the bucket should be less than 1 mR/hr for soils contaminated with 1 uCi/g each of
Cs¥ and Co®. See MICROSHIELD DOS file “BUCET™, output for case nurinber 3, no buildup.

Dose rates from being near the edge of the exposed wastes will probably contribute the majority
of the exposure. Shielding can be applied to the trackhoe to minimize this exposure. The dose
rates are assumed to be the same for the forklift operator because the B-25 boxes. which are
moved by the forklift, will be filled near the edge of the crib.

The 1995 MRDS survey (File ID #’s 1325C826.dwg & 1301C826.dwg) shows dose rates along
. the edge of the trenches to range from .1 to 100 mrem/hr. Removing the panels and applying 2
feet of overburden is expected to reduce dose rates in these areas to between background and 1
mR/hr. Some locations on the cribs will still have dose rates up to 10 mR/hr, but the long boom
on the trackhoe should preciude the need for workers to stay in these areas. The remainder of the
exposure for these workers will come from being near containers filled with wastes. The forklift
will have at least 2 inclhies of plate steel installed on its lifting face and the driver will be
approximately 10 feet away from the B-25 boxes and drums of TRU wastes. The track hoe
operator should be able to stay at least 20 feet way from any container. The combination of
shielding and distance should keep the average dose rate for the operators below 3.5 mR/hr.
This dose rate allows for brief periods where the operators are exposed to the unshielded
container. Modeling shows this assumption is valid.

A larger forklift was specified to accommodate the required shielding, and its costs were
calculated
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Rev. 1
Excavators Long Reach
¢ Introduction
e Arrangement Description
e Range Dimensions
INTRODUCTION I L B
m 1
Long reach excavators are designed specifically L = t A
for those jobs requiring reach capability beyond the i —— bt
range of normal excavators. Applications for which C 1 \¢ ;
long reach excavators are ideally suited include N
ditch cleaning, slope finishing, river conservation, AN
and other work formerly reserved for draglines. N N
Caterpiliar offers two hydraulic excavator models i SR .
in long reach arrangements. Each model uses pur-
pose-built booms and sticks designed by Caterpiliar o . =
for maximized performance and durability. '/ -
i
320 L LONG REACH ! /4
325 L LONG REACH i
Long Reach Front Includes: Boom, stick. linkage i}
cylinders (boom, stick, and bucket), hydraulic lines, 1(
and additional counterweight for stability while !
working over the side. Dimensions inciude ditch —+ P4
cleaning bucket, _ s : ]
3201 3201 3251
Long Reach Long Reach - Long Reach
Model mm ft mm ft mm L
A Maximum Reach at Ground Level 15725 517 16540 s4'3° 18290 600"
B Maximum Digging Depth 11 880 350" 12800 420° 14 625 a0
€ Madimum Cutting Height 13290 ar 13400 4311 13580 “T
D Maximum Dumping Height 11010 L 11350 ars 11 550 ar
E Minimum Loading Heignt 1970 e 2300 T 1347 45
320 L, 325 L LONG REACH .
Buckst Buckst Tip SAE Buckat
Type Width Findius Heaped Cap. Weight No.of
mm In mm in L o ] d Tee
General Purpase 810 a2 1220 48 450 059 340 750 5
Diteh Cleaning 1142 45 1091 ) 600 o 290 640 _Noré_
320 L" LONG REACH .
Buckst Buckst Tip SAE Buckst : Buciat Stick
Type Width Radius Heaped Cap. Wolght Ne.of | CurForce | CrowdFeZ
mm i | mm  in L y® | kg . B | Teoth | N b | xS
General Pumose —_— — - - - - -
Ditch Cleaning 1800 708 | 780 307 | 600 o7e | 400 sz | — [es25 142316282 W

“Belgium sourced
Now: Al dimensions reflect machines squipped with ditch cleaning buckst,




BHI-01092
Rev. 1

- A S
LONG REACH ATTACHMENT N
SHIPPING DIMENSIONS
- 320 L 320L" 3251
Yodel m % m ft m ft
A Overal Transpon Lengm
(Front Folded) 12.65 41'6* 12,99 Q2 14.37 are-
"B Overall Height (To Top ¢f Boom) 321 10" 335 100" 325 s
COverall Width (To Widest Point) 3.18 105 37 12" 3.39 hh s i
g sourced. Extra wior gauge 2nd 900 mm (357) tack shoes.
wote: For 0ther Dass Matiund Cunensions, $80 S6chon on machings with GP attachments.
LONG REACH ATTACHMENT COMPONENT WEIGHTS
320L 320L" 325L
Model kg Ib kg b kg b
Aggitional Counterwegnt 800 1764 1100 2425 1100 2425
Long Reach Boom:
Inctages Boom, stick eylinder, hydrautic
nes. and pins for stick. stick cylinder,
andpoomrodend 2270 5004 2504 5515 3110 6as6
Long Reach Stick:
inciudes stick, bucket linkage and pins,
bucket cylinder ang pin. and hydraulic ines 1260 beai) 1290 2841 1570 3481

"Seigum sourced, INChides SXIrE wike Gauge 2nd MNKICeT UPPeTame.

C-9
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. BHI-01092
MicroShield 4.21 - Serial #4.21-00949 Rev. 1
Bechtel Hanford, Inc.
Page : 1 File Ref:
DOS File: BUCET.MS4 Date: _g/ ZZ
Run Date: September 14, 1997 By: A '
Run Time: 7:58 p.m. Sunday Checked: _ 7.
Duration: 0:02:31 .
Case Title: trachoe bucket
GEOMETRY 13 - Rectangular Volume

centimeters feet and inches -
Dose point coordinate X: 1100.0 36.0 1.1
Dose point coordinate Y: - 50.0 1.0 7.7
Dose point coordinate Z: 0.0 0.0 .0
Rectangular volume width : 100.0 3.0 3.4
Rectangular volume length: -100.0 3.0 3.4
Rectangular volume height: 100.0 3.0 3.4
Shield 1: 900.0 29.0° 6.3
Shield 2: 2.54 0.0 1.0
Air Gap: 97.46 3.0 2.4
Source Volume: 1000000 cm™3 35.3147 cu ft. 61023.7 cu in.
. MATERIAL DENSITIES (g/cm™3)
Material Source Shield 1 Shield 2 Air Gap
Shield Slab Slab
Air 0.00122 0.00122
Concrete 1.5
Iron 7.86
BUILDUP
B Method: Buildup Factor Tables
The material reference is Shield 2
INTEGRATION PARAMETERS 7
Quadrature Order
X Direction 10
Y Direction 20
Z Direction 20
SOURCE NUCLIDES
Nuclide curies microCi/cm™3 Nuclide curies microCi/cm™2
Ba-137m 1.4190e+000 1.4190e+000 Co-60 1.5000e+000 1.5000e+00(

Cs-137

1.5000e+000 1.5000e+000



age :

S File:

Run Date:
Run Time:

T

itle

0.6616

0.6938
1.1732
1.3325

TOTAL:

Case
Number

1
2
3

2

BUCET .MS4

September 14,

1997

7:58 p.m. Sunday

¢ trachoe bucket

Activity

Energy Fluence Rate

RESULTS FOR SENSITIVITY REFERENCE CASE (Shield #2 = 2.54)

BHI-01092
Rev. 1

Exposure Rate In Air

(photens/sec ) (MeV/sq cm/sec) (mR/hr) ‘

No Buildup With Buildup No Buildup With Buildur
1.087e+009 6.004e-061 2.410e-026 5.001e-063 2.007e-028
2.005e+009 1.026e~058 4.518e-026 8.254e-061 3.636e-028
7.298e+008 3.565e-042 1.980e~-026 2.026e-044 1.125e-028
4.724e+010 4.458e+001 1.693e+002 ° 8.642e-002 3.282e~-001
9.053e+006 9.465e~-003 3.529e-002 1.827e-005 6.814e-005
5.550e+010 1.770e+002 5.260e+002 3.163e-001 9.400e-001
5.550e+010 2.303e+002 ' 6.472e+002 3.996e-001 1.123e+000
1.621e+011 4.519e+002 1.343e+003 8.023e-001 2.391e+000

SENSITIVITY RESULTS For: Shield #2 (cm)
Sensitivity Energy Fluence Rate Exposure Rate In Air
Variable (MeV/sq cm/sec) . (mR/hr)

Value No Buildup With Buildup No Buildup With Builgt
0.0 1.368e+003 2.628e+003 2.441e+000 4.694e4+000
1.27 7.847e+002 1.909e+003 1.396e+000 3.406e+00C
2.54 4.519e+002  1.343e+003 2.391e+00C

Use the Display Menu For Energy Group Results For All Cases.

C-11
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Bechtel Hanford, inc. CALCULATION SHEET

-y
Originator Mike Wesselman Date 10/10/97 Calc. No., _100N-CA-V0004 Rev No 0
Project 100N CRIBS, RAWD Job No. 22192 Checked i Date:10/10/97
Subject Dose Estimates for Workers Involved with Remediating 1301N & 1325N
Sheet No. 3 of 18

Workers Handling Hieh Dose Drums and B-25 Boxes.

Modeling indicates that some of these items could read up to 790 mR/hr at one foot. Shielded
over pack drums and casks similar to those used on drilling operations at 200-BP-1 in 1990-91
" will be employed to keep drum dose rates below 50 mR/hr at 12 inches.

The casks were constructed of 36-inch diameter schedule 40 pipe centered around a 22-inch
diameter piece of schedule 60 pipe with the space between the two pipes filled with grout. The
drum 1o be filled would be piaced inside the 22-inch diameter pipe with a rigging strap attached.
The drum would be filled. capped and then rigged into a storage location. Highly radioactive

drums were stored inside 48-inch diameter concrete culverts with concrete lids placed over the
top.

Long tools may be employed while rigging B-25 Boxes to keep workers more than three feet
from the box at all times. Highly radioactive boxes will require shielding similar to that used for
the drums, probably constructed of plate steel. For these items rigging will be designed so that
only minimal work is required near high dose items to connect, lift and disconnect the item. On
the calculation sheet a dose rate of 50 mR/hr is used to reflect time spent at three feet from the
container and as an ALARA goal for shielding purposes
Past work with the monoliths* for 100N basins and highly radioactive drums of soil at 200-BP-1
indicate this dose rate is achjevable. Shielding and dose reduction techniques can be refined in
the design phase of the remediation.

* A monolith is a grouted cylinder of highly radioactive wastes. The monoliths produced at

100N were approximately 6 feet tall and 3 feet in diameter. Dose rates on some surfaces were up
to 6 R/hr.

C-12
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Rev. 1
. MicroShield 4.21 - Serial #4.21-00949
Bechtel Hanford, Inc.
Page : 1 ' , File Ref:
DOS File: BZ5SHLD.MS4 Date: 2/
Run Date: September 18, 1997 By: A
Run Time: 1:43 p.m. Thursday Checked:
Duration: 0:00:44

Case Title: b-25 box with 1.5 uCi/cm of co-60 & cs-~13

GEOMETRY 13 - Rectangular Volume
centimeters feet and inches
Dose point coordinate X: 487 .68 16.0 .0
Dose point coordinate Y: 76.2 2.0 6.0
Dose point coordinate Z: 76.2 2.0 6.0
Rectangular volume width : 116.84 3.0 10.0
Rectangular volume length: 182.88 6.0 .0
Rectangular volume height: 119.38 3.0 11.0
Shield 1: 0.9525 0.0 -~ .4
Shield 2: 6.0 0.0 2.4
Air Gap: 297.8475 9.0 $.3
Source Volume: 2.55088e+6 cm™3 50.0833 cu ft. 155664 cu in.
MATERIAL DENSITIES {(g/cm™3)
. Material Source Shield 1 Shield 2 Air Gap
Shield Slab Slab
Air 0.00122
Concrete 1.6
Iron 7.86 7.86
BUILDUP
Method: Buildup Factor Tables
The material reference is Shield 1
INTEGRATION PARAMETERS
Quadrature Order
X Direction 10
Y Direction 20
Z Direction 20
_ , SOURCE NUCLIDES
Nuclide “curies microCi/cm™3 Nuclide curies microCi/em™3
.Ba=137m 5.7905e+000 2.2700e+000 Co-60 6.1221e+000 2.4000e+000
Cs-137 6.1221e+000 2.4000e+000

C-13
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BHI-01092
Rev. 1
Page : 2
DOS File: B25SHLD.MS4

Run Date: September 18, 1997
Run Time: 1:43 p.m. Thursday
Title : b-25 box with 1.5 uCi/cm of co-60 & cs-~137, w/shield at 10 °
CSCSEEZCCoE==CS=CESEsmS==&=-==EC-==Z== RESULTS O T T T T T T o Ty
Energy Activity Energy Fluence Rate Exposure Rate In Air
{(MeV) (photons/sec ) (MeV/sqg cm/sec) (mR/hr)
No Buildup With Buildup No Buildup With Buildup
0.0318 4.436e+009 1.030e-161 7.156e-025 8.578e-164 5.961e--027
0.0322 8.184e+009 4.28l1le-156 1.342e-024 3.446e-158 1.080e-026
0.0364 2.978e+009 2.584e-110 5.880e-025 1.468e-112 3.341e-027 -
0.6616 1.928e+011 7.612e+001 5.799e+002 1.476e-001 1.124e+000
0.6938 3.695e+007 1.708e-002 1.263e-001 3.298e-005 2.438e-004
1.1732 2.265e+011 5.531e+002 2.823e+003 9.884e~001 5.045e+000 -
1.3325 - 2.265e+011 8.079%e+002 . 3.766e+003 1.402e+000 6.533e+000
TOTAL: 6.615e+011 1.437e+003 7.169e+003 1.270e+001"

C-14
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. MicroShield 4,21 - Serial #4.21-00949
. Bechtel Hanford, Inc.
Page 1 1 File Ref:
DOS File: NCRIB25.MS4 Date: _&é@,c_gf’
Run Date: September 18, 1997 - By:
Run Time: 1:32 p.m. Thursday Checked:

Duration: 0:02:49_

Case Title: b~25 box with 1.5 uCi/cm of co-60 & c¢s-137, dose at 1-9°

GEOMETRY 13 - Rectangular Volume :

centimeters feet and inches

Dose point coordinate X: 460.248 15.0 1.2
Dose peoint coordinate Y: 76.2 2.0 6.0
Dose point coordinate Z: 76.2 2.0 6.0
Rectangular volume width : 116.84 3.0 10.0
Rectangular volume length: 182.88 6.0 .0
Rectangular volume height: 119.38 3.0 11.0
Shield 1: 0.9525 0.0.-- .4

Air Gap: 276.4155 9.0 .8

Source Volume: 2.55088e+6 cm~3 90.0833 cu ft. 155664 cu in.

MATERIAL DENSITIES (g/cm™3)

..ater ial Source Shield 1 Air Gap
Shield Slab
Air 0.00122
Concrete 1.6 '
Iron 7.86
i BUILDUP

Method: Buildup Factor Tables
The material reference is_Shield 1

INTEGRATION PARAMETERS
Quadrature Order

X Direction . i0
Y Direction 20
Z Direction . 20

SOURCE NUCLIDES
Nuclide curies microCi/cm™3 Nuclide curies microCi/cm™3
Ba-137m 5.7905e+000 2.2700e+000 Co-60 6.1221e+000 2.4000e+000
Cs~-137 6.1221e+000 2.4000e+000

C-15
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Rev. 1
Page : 2
DOS File: NCRIB25.MS4
Run Date: September 18, 1997
Run Time: 1:32 p.m. Thursday
Title : b-25 box with 1.5 uCi/cm of co-60 & cs-137, dose at 1-9°
=zzzz==== RESULTS FOR SENSITIVITY REFERENCE CASE (X = 460.248) ===z===z=z===
Energy Activity Energy Fluence Rate Exposure Rate In Air
(MeV) (photons/sec ) (MeV/sq cm/sec) (mR/hr)
' No Buildup With Buildup No Buildup With Buildup
0.0318 4.436e+009 7.743e-024 9.349e-024 6.44%e-026 7.787e~026
0.0322 8.184e+009 8.730e-023 9.845e-023 7.026e-025 7.923e-025
0.0364 2.978e+009 1.982e-016  2.291e-016 1.126e-018 1.302e-018 -
0.6616 1.928e+011 2.940e+003 7.595e+003 5.699e+000 1.472e+001
0.6938 3.695e+007 6.108e-001 1.559e+000 1.179e-003 3.011e-003
1.1732 2.265e+011 9.132e+003 2.019e+004 1.632e+001 3.608e+001 -
1.3325 2.265e+011 1.133e+004 2.416e+004 1.965e+001 4.192e+001
TOTAL: 6.615e+011 2.340e+004 5.195e+004 4.167e+001 9.273e+001
SENSITIVITY RESULTS For: X (cm)
Case Sensitivity Energy Fluence Rate Exposure Rate In Bir
Number Variable (MeV/sqg cm/sec) (mR/hr)
Value No Buildup With Buildup No Buildup With Buildup
1 213.36 3.872e+005 8.923e+005 6.891e+002 1.593e+003
2 336.804 - 6.571e+004 1.442e+005 1.170e+002 2.575e+0
3. 460.248 2.340e+004 5.195e+004 4.167e+001 9.273e+0

Use the Display Menu For Energy Group Results For All Cases.
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Rev. 1
Bechtel Hanford, inc. CALCULATION SHEET

Originator Mike Wesselmarg" “éxte 10/10/97 Cale. No. 100N-CA-V0004 Rev No o_
Project 100N CRIBS, RAWD Job No. 22192 Checked M Date:;10/10/57
Subject Dose Estimates for Workers Invoived with Remediating 1301N & 1325N
Sheet No. 4 of 18 '

Exposures for Drivers

Modeling shows that dose rates on the sides of B-25 boxes will be similar to dose rates on the
sides of RCI containers. Modeling also shows that dose rates decrease more quickly with
distance from a B-25 box than from a RCI container because B-25 boxes are smaller sources. If
three B-235 boxes were placed on a flatbed, the radiation emitted by them would be similar to that
emitted by one RCI container. It is assumed that fifty B-23 boxes of the most highly
contaminated waste would be shipped one container at a time to allow enough-shielding and
distance between the driver and the box to maintain dose rates ALARA. This assumption is
added to the cost of 1301-N crib. whick is considered most likely to have wastes with high dose
rates .

A conservative estimate for the dose to a driver is calculated by the MICROSHIELD DOS file
“B25SHLD", which shows a driver can be exposed to 2.54 mR/hr when sitting in a shielded cab.
The dose to the driver during brief periods outside the cab can be obtained from MICROSHIELD
DOS file “ NCRBB25” which calculates a dose of 41.7 mR/hr for a person 9 feet from an
unshielded B-25 box.

Assuming the driver spends 25 minutes to drive between 100N and ERDF. 45 seconds within 9
feet of the truck while entering data at the ERDF scales and another 10 minutes in the cab as the
B-25 boxes are off loaded. the average dose would be as follows:

(35 mins/35.66mins) x 2.54 mR/hr + (.66mins/35.66mins) 41.7mR/br = 3.26 mR/hr

The value was rounded-up to 3.5 mrem/hr to allow for tirne for incidental activities outside .of the
shielded cab. This value is higher than that used in the “100NR-1 Treatment, Storage, and
Disposal Units Corrective Measures Study (CMS) /Closure Plan™ (DOE/1-96-39) for work in

2001. There 1s no blending of the wastes put in the B-25 boxes and the CMS assumed 2 blend
ratio of five to one.

Waste Labeling and Container Storage

Dose reduction for storage and labeling operations relies on quick entry and fast work at a
distance. ‘

. Workers are expected to spend about 5% of their time near items reading 50 mR/hr in options 3,

4 & 5. The rest of the time will be spent in areas at or near background. In option 2 workers will
spend all time in low dose areas.

Average dose rate in Options 3-3: .05 x 50 mR/hr = 2.5 mR/hr average dose rate
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Rev. 1
Bechte! Hanford, Inc. / CALCULATION SHEET ‘
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N-Cribs Alternatives Studv. Time Frame by Case

Operation Case?2 Case3 Cased4 Caseb
(days) (days) (days) (days)

Remove Paneis and 43.9 43.9 43.9 439 . _ -
Beams
Remove Concrete 14.5 14.5 . 14.5 145
Remove LLW soil 14.6 14.6 146 14.6

above Bouiders

Remove Boulders 40.7 475 47.5 47.5
Remove High Dose 112.9 14.8 14.8 14.8
Soils 1301
Remove Medium Dose  100.8 100.8 100.8 1155
Soiis 1301
Remove High Dose 113.8 43.9 43.9 43.9
Soils 1325
Remove Medium Dose 88.1 .88.1 88.1 106.2
soils 1325
Totat: 5203 3661 3681 4009
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Panel Removal Exposure Times
Panels removed in all options. table below contains all assumptions and estimates. Exposure

rates based on the 1995 Man Carried Radiological Detection System (VIRDS) survey (File ID #’s
1325C826.dwg & 1301C826.dwg)

_Panel Removal Exposure Estimates
Panels removed in all options. Table contains all estimates.

Task Crew Hours Average Dose(mrem/task) dose/crew
Duration Dose rate member
mR/mr

install riggingon 2 120 10 2400 1200 .

paneis -

Riggers for {ift 2 285 2.5 1425 712.5

Crane operator 1 285 1 285 285

Truck driver 1 385 0.3 116.5 115.5

Instail straps on 1 100 10 1000 1000

beams

Dust 1 385 1 385 385

suppression

Total 5611

Ontion 1 Exposure Times -

Option one was dropped from consideration by the project because it was undesirable.
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Option 2 Exposure Times

Case2  Total Time 529.3 Days oo

Remove Boulders -~ 40.7 Days
Remove Concrete - 14.5 Davs
Remove Panels - 43.9 Days
Remajning Days 430.2 Days

Install Liners
2 hrs/day x 430 days = 860 hours.

Liners are installed near stockpile of wastes used for blending. Dose rates near this pile

should be .1 mR/hr. This will account for other work in elevated background even if liners
installed in background area.

Boulder Forklift. (See Remove Boulders above)
40.7 days X 3.5 hrs/day = 133 hours.

Dose rate will be 3.5 mR/br

Stockpile Track hoe
High dose only High dose 1301 112.9 days

High dose 1325 113.8 days
: 226.7 days
Operator exposed 40 minutes a day. X_.66 hrs/dav

149 6hrs = 150 hrs

Operator will take about one minute to cover highly contaminated wastes. Exposure rate will

average 1 mR/hr during this operation. Based on Operator being 30 feet from one cubic nieter .
of high level wastes.

C-20



. ‘ BHI-01092
Bechtel Hanford, inc. CALCULATION SHEET Rev. 1

m .

Originator Mike Wesselman Date 10/10/97 <Cale. No. _100N-CA-~V0004 Rev No 0
Project _100M CRIBS,RAWD Job No. 22152 Checked i Date _10/10/97
Subject Dose Estimates for Workers Invelved with Remediating 1301N & 1325N
Sheet No. 8 of 1§

Water Truck. see “Total Time™ above.
-Operator is in area 3.0 hours/day every day.
Total days = 529.3 x 3.0 hrs/day = 1587.9

= 1588 hours.

Dose rate wiil be .1 mR/hr.

Excavation Track hoe

Operator will be near edge for 3.0 hrs/day every day.
Also 1588 hours.

Dose rate will be 3.5 mR/hr

Excavation Truck Driver
Will require more time in area since must stop at two trackhoes for haif of week.
Should average 3 hrs/day in area = 1588 hours
Should spend 50% of time in elevated dose area and 50% of time in low dose area.
Average dose rate will be .5(3.5 mR/hr) +.5(.1mR/hr) = 1.8 mR/hr

RCT's at 100-N

Will either be near excavation or surveying containers. With proper rotation, an average low
dose rate can be used but exposure time is 6.5 hrs/day.
6.5 hrs/day x 529.3 days = 3,441 hours.

Dose rate will average .1mR/hr.

Laborer -will have similar duties, securing B-25s, sealing RCI containers.
' Also, 3,441 hours exposure time.

Dose rate will average .1 mR/hr

Waste Labeling - Approximately 40 minutes a day to apply shipping papers.
529.3 days x .66 hrs/day = 349.34 hrs = 350 hours.

Dose rate will average .1 mR/hr

RCI Drivers 3 hours per day x 529.3 days = 1587.9 hours = 1588 hrs.

Most waste will be low dose.

Haul Concrete and Boulders (40.7 + 14.5 days)/ 529.3 days x 100% = 10.4 % of time
Average dose = :104 (3.5 mR/hr) + .896 (.1 mR/hr) = 454 mR/hr= .5 mR/r
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ERDF RCT's-3 hom§ a day x total days
3 hrs/day x 529.3 days = 1587.9 = 1588 hours
Dose rate will be .1 mR/hr

ERDF Dozer Same as RCT's.

ERDF Riggers should spend less than 13 mins/day near high dose rate boulder boxes.
40 x .25 = 10 hours

Dose rate will be 50 mR/hr

ERDF Crane. °
3.3 hrs/day x 40 days = 140 hours -
Operator will spend 50% of time near high dose rate waste and 50% of nme at more than 30 feet

from wastes. .
Average dose will be .5( 3.5mR/hr) +.5(.1 mR/hr) = 1.8 mR/hr

ERDF laborers Crew will rotate on high dose work.
Exposure time will be at dump phase of low level  see calculation for installing liner) waste.

1.5 minutes/container x 40 comtainers/day = | hr/day x 430.2days = 430.2 hours.

Dose rate will be .1 mR/hr

ERDF Compaction Test. Worker can minimize time on wastes, still receives dose from * shine
through overburden. One test 2 day on loose soils
430.2 days x 7 min/test x 1 hr/60min = 50.2 hours testing

Dose rate will be .1 mR/hr

ERDF Storage -
Worker will spend about 5 minutes a day inspecting container storage area.
529.3 days x 5 min/day x 1hr/60min = 44.1 hrs . Dose rate will average .1 mR/hr
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Option 2 Exposure Estimates

Task Crew Hours
Duration
Boulder Forklift 1 133
Stockpile Track hoe 1 150
Liner instal! 2 860
Water Truck 1 1,588
Excavation Track 1 1,688
hoe
N Truck Driver 2 1,588
NRCTS 4 3,441
Laborers 2 3,441
. Waste Label 1 350
RC! Drivers 4 1588
ERDF RCTS 4. 1588
ERDF DOZER 1 1588
- Riggers (B-25's) 1 10
ERDF Crane 1 140
ERDF Laborers 2 430.2
Compaction Test 1 50.2
Panels & Beams
Storage 1 44 1
Total

Average
Dose rate
mR/hr
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3.5

1
0.1
0.1
3.5

1.8
0.1
0.1
0.1

0.5
0.1
0.1

50
1.8
0.1
0.1

01

465.5
150
172
158.8
5558

5716.8
13764
688.2
35

0

3176
635.2
158.8
500
252
86.04
5.02
5610
4.41

24748 mrem

Dose{mremftask} dose/crew member

465.5
150
86
158.8
5558

28584
3441
344.1

35

0

794
158.8
158.8
500
252
43.02
5.02
0
4.41
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Option 3 Exposure Time Estimates

Forklift Operator for Boulders and Hot Fill

Remove boulders 40.7 davs x 3 hrs/day =122.1 hrs.

High Dose 1301 112.9 days x 3 hrs/day =338.7 hrs

High Dose 1327 113.8 days x 3 hrs/day =341.4 hrs

TOTAL 267.5 days x 3 hrs/day = 802.2 hrs
Dose rate will be 3.5 mR/hr

B-25 Truck Drivers each spend half as much time as forklift operator = 401.1
Dose rate will be 3.5 mR/hr '

Water Truck = 368.1 days x 3 hr/day = 1104 hrs. Dose rate will be .1 mR/hr
Track hoe - stays behind shield haif the time plus dose averages down at 1325.
368.1 days x 3 hr/day = 1104 hrs. Dose rate will be 3.5 mR/br

Truck Drivers for RCI containers - only for medium dose (MD)
MD 1301 = 100.8 days x 1.5 hr/iday = 151.2 hrs.
MD 1325 = 113.8 days x 1.5 hr/day = 170.7 hrs.

2146 daysx 1.5hr/day = 321.9 hrs.

Dose rate will be .1 mRJhr

RCT’s at 100N Cribs - will stay in low dose or behind shielding, will work near excavation
10% time, survey out containers, and 90% time for entire project.
368.1 days x 3 hr/day = 1104 hrs,

Will spend 10% of time near high dose ratewastes and 90% of time in low dose areas.
Average dose will be .1 (3.5mR/hr) + .9 (.1 mR/hr) = 44mR/hr

Laborers at 100N Cribs - same as RCTs ,1104 hrs.

Duties will be in same areas as RCT’s. Average dose rate will be .44 mR/hr
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Waste Labeling - Total time minus time to remove panels. Panels will have no dose rates.
368.1 days - 43.9 days = 324 days

Time near high dose items will be 3% of total time.

3.5 hrs/day x 60 min/hr x 5% of ime = 10.5 min = .175 hrs.

324 days x .175 hrs/day = 56.7 hrs.

Dose will average 2.5 mR/br

RCI Drivers - lower level wastes only

Total 368.1 days
-High dose 1325 -113.8 days
-High dose 1301 -100.8 davs
-High dose boulders -40.7 davs
112.8 days
- Concrete - 14.5 davs
98.3 days = 99 days
X 3.25 hr/dav
321.75 hrs

Dose rate will be .1 mR/hr.

RCI B-25 Approximately 8600 boxes hauled 3 at a time = 2867 trips + 4 drivers = 717
trips/driver -

Driver is in dose for 30 min/trip = 358.5 hours
Dose rate will be 3.5 mR/hr

ERDF RCT's and Dozer Majority of time in low dose areas.
Average dose will be =.1mR/hr

Crane operator - is exposed for about 5 minutes per box for 8600 boxes
8600 x .083 = 713.8 hrs.

Operator will spend 50% of time near high dose rate waste and 50% of time at more than 30
feet from wastes.
Average dose will be .5( 3.5mR/hr) +.5(.1 mR/hr) = 1.8 mR/hr

ERDF Riggers - are exposed about the same amount of time as the crane operator is
=718.3 hours

Average dose rate will be similar to that for waste labeling 2.5 mR/hr

ERDF Laborers - same as RCTs — 1104 hrs, .1 mR/r
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Compaction Testing - Will not be exposed to B-25 boxes.
368.1 days x 7min/test X 1 hr/60min = 42.94 hrs = 43 hrs.
Dose rate will be .1 mR/hr

ERDF Storace -

Worker will spend about 5 minutes a day inspecting container storage area.
368.1 days x 5 min/day x 1hr/60min = 30.67 hrs= 31 hrs °
Average dose rate will be 2.5 mR/hr

Option 3 Exposure Estimates

Task

Crew Hours Duration Average Dose(mremftask) dosefcrew
: Dose rate member
mR/Mhr

B25 forklift 1 802.2 3.5 2807.7 2807.7
B25 truck 2 401.1 3.5 2807.7 1403.85
Water truck 1 1104 0.1 1104 1104
Track hoe 1 1104 3.5 3864 3864
N truck driver 2 321.9 0.1 64.38 32.19
NRCTS 4 1104 0.44 1943.04 485.76
Laborers 4 1104 0.44 1943.04 485.76
Waste labeling 1 56.7 2.5 141.75 141.75
RCI Drivers 4 321.75 0.1 128.7 32.175
RC! B25 drivers 4 358.5 3.5 5019 1254.75
ERDF RCTS 4 1104 - 0.1 4416 1104
ERDFDOZER 1 1104 0.1 110.4 1104
crane operator 1 713.8 1.8 1284.84 1284.84
ERDF Riggers 1 713.8 2.5 1784.5 1784.5
ERDF Laborers 2 1104 0.1 220.8 110.4
Compaction test 1 53.65 0.1 5.365 5.365
Storage 1 31 2.5 775 775
Panels & Beams 5610

Total 28365 mrem
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Option 4 Worker Exposure Time Estimates

Same as Option 3, except there is no compaction test and no bulldozer at waste management.
Did not account for additional time that may be required to package, label and document
waste 10 waste management’s specifications.

Option 4 Worker Exposure Estimates

Task Crew Hours Average  Dose(mrem/ftask) dose/crew member
Duration  Dose rate
mR/hr

B25 Forkiift 1 802.2 3.5 2807.7 2807.7
B25 Truck 2 401.1 3.5 2807.7 -~ 1403.85
Water Truck 1 1104 0.1 1104 110.4
Track hoe 1 1104 35 3864 3864
N Truck Driver 2 321.9 0.1 £64.38 32.19
NRCTS 4 1104 0.44 1943.04 485.76
Waste Label 1 56.7 2.5 141.75 - 14175
Laborers 4 1104 0.44 1943.04 485.76
RCI Drivers 4 - 321.75 0.1 128.7 - 32.175
RCI! B25 Drivers 4 358.5 3.5 5019 1254.75
WM HPT's 4 1104 0.1 441.6 1104
Crane Operator 1 713.8 1.8 1284.84 1284.84
WM Riggers 1 713.8 2.5 © 1784.5 1784 .5
WM Burial 2 1104 0.1 220.8 110.4
Storage 1 31 2.5 77.5 77.5
Paneis & Beams 5610

Total 28249 mrem
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Option 5 Exposure Times

Forklift for B-25 present for all but panel a concrete beam removal therefore
400.9 days

- 14.6 days

- 14.5 days

- 43.9 days

327.9 days at 3/ha/day = 983.7 hours
Dose rate will average 3.5 mR/hr.

B-23 Truck exposed ¥ as much as forklift.
083.7 hrs + 2 = 491.85 hrs =492 hours.
Dose rate will average 3.5 mR/hr

Water Truck - 3 hr/day x 400 days = 1200 hours
Dose rate will average .1 mR/hr

Track hoe same as forklift = 983.7 hours
Dose rate will average 3.5 mR/hr

N Truck Driver - % as much as forklift = 492 hours
Half of boxed wastes will be medium and low dose wastes in this option
Dose rate will average 1.8 mR/hr

RC'I"s-will use.shieldino and distance but still exposures will be higher. 983.7 hours
RCT will spend 50% of time near high dose rate waste and 50% of time in low dose areas.
Average dose will be .3(3.5mR/hr) + 5( 1 mR/hr) = 1.8 mR/hr

N Laborers - will assist securing loads and with surveys and packaging. Will average about

Y workday near wastes.
327.9 days x 3.0 hr/day = 983.7
Average dose rate will also be 1.8 mR/hr.

Waste labeling will be limited to 15 min/day . 400 days x .25 hr/day = 100 bours
Dose rate will average 2.5 mR/hr

RCI Drivers - exposed Y as much as 100N Drivers = 245 hours .
Half of boxed wastes will be medium and low dose wastes in this option.
Dose rate will average 1.8 mR/hr

ERDF RCT’s will be exposed slightly more than in a typical low dose situation because of
surveys performed on B-25 boxes. = 492 hours ‘
Dose rate will average .44 mR/hr
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ERDF Riggers same as B-25 truck drivers at 100N = 492 hours
Dose rate wiil average 2.5 mR/hr

Storage — 400 days x 5 min/day x 1 ht/60 min = 33.3 brs.

Dose rate will average 2.5 mR/hr

Onption 5 Exposure Estimajces

Task

B25 Forkiift

B25 Truck
Water Truck
Track hoe

N truck driver
NRCTS
Laborers

Waste Label
RC| B25 drivers
ERDF RCTS
ERDF Riggers
ERDF Crane
Storage
Panels & Beams
Total

Crew

1
2
1
1
2
4
4
1
4
4
1
1
4

Hours Average Dose Dose{mremfask) dose/crew
Duration rate mR/hr member
8983.7 3.5 3442 .85 3442.95
492 3.5 3444 1722
1200 0.1 120 120
0983.7 3.5 3442.95 3442.895
492 1.8 1771.2 1771.2
983.7 1.8 7082.64 1770.66
983.7 1.8 7082.64 1770.66
100 2.5 250 250
245 1.8 1764 441
492 0.44 '865.92 216.48
492 2.5 1230 1230
492 0.1 48.2 492
100 2.5 1000 250
5610 0
37156 mrem
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TRU-Drum Exposure Times

Drum handler: 20 drums/hour for 1000 drums = 50 hours
Dose rate will be 30 mR/hr
Forklift: Handles drum 3 times, during fill. during lidding and during loading.
150 hours with drum on board
150 hours empty _
25 hours stand-by = 325 hours
Dose rate will be 3.5 mR/hr '
Track hoe can only go as fast as forklift = 325 hours
Dose will be 3.5 mR/hr
N Truck Driver - same = 325 hours
Dose rate will be 3.5 Mr/hr
RCTs = 325 hours, Dose rate will be .44 mR/hr

Laborers = 325 hours, Dose rate wiil be .44mR/hr
Waste label 15 min/day for 48 days = 12 hours, Dose rate will be 2.5 mR/hr.
RCI Drivers - 2 hr/day for 48 days = 96, or ~ 100 hours, Dose rate will be 3.5 mR/hr

Waste Management (WM) HPT"s — will need to stand by for about 1/3 of transport time, 30
hours. Dose rate will be same as for RCT’s .44 mR/hr

WM Rigeers - will take a little more than % as long to unload as to load. 175 hours
Dose rate will average 2.5 mR/hr

WM Crane- Same duration as riggers, 175 hours. Dose rate will be, .1 mR/hr
Receipt Inspection for TRU- similar to HPT duties. 30 hours, Dose rate will be .1 mR/hr

Wastes storage- TRU is not buried, waste will be inspected about 12 hours a year.
Dose rate will be .1 mR/hr
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TRU- Drum Dose Estimate

Task Crew Hours Average Dose{mremitask) dosefcrew member
Duration Dose rate
mR/hr .
Drum 1 50 50 2500 2500
Handling i
Forkiift 1 325 3.5 1137.5 1375
Track hoe 1 . 325 3.5 1137.5 1137.5
N Truck driver 2 325 3.5 2275 1137.5
NRCTS 4 325 0.44 572 143
Laborers 2 325 0.44 286 - 143
Waste Labe! 1 12 25 30 30
RCI drivers 4 100 3.5 1400 350
WM HPT's 1 30 0.44 13.2 13.2
WM Crane 1 175 0.1 17.5 175
. WM Riggers 1 175 25 437.5 - 437.5
WM 1 30 0.1 .3 3
Receiving _
Storage 1 12 2.5 30 30

Totat ' 9879 ' mrem
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APPENDIX D

REMEDIATION OPTION COST SUMMARY







1-d

Table D-1. Option 2

Home B&O
Equipment Subtotal Distribs Office Profit Tax
Item Item Description b Materials § Labor § S/ICS Direct 25% 3.00% 5.00% 0.47% - Total Bid §
Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158  $14424  §24,761  $2,444 $522,418
Remove High Dose Concrete §2,657 $78,180 $2,738 $585 $84,160 $21,040 33,150 $5,418 $535 $114,309
Remove LLW Concrete $16,994 $534 $10,593 3 $28,121 $7,030 $1,055 $1,810 $179 $38,195
Remove LLW Soil above Boulders $12,392 $16,602 $12,223 3 $41,217 $10,304 $i 546 $2,653 $262 $55,982
' Remove Boulders 1301 Crib $45,480  $3,248,223 $61,008 $8,385  $3,363,195  $840,799 $126,120 $216,506 321,369 $4,567,988
High Dose Soil 1301 Crib & Trench $290,499 $232,068 $262,995 $150,106 $935,669  $233,917  $35,088  $60,234  §$5,945 $1,270,852
High Dose Soil 1325 Crib & Trench $291,548 $234,463 $266,963 $147,324 $940,298  $235075  $35261  §60,532  $5974 $1,277,140
Medium Dose Soil 1301 Crib & Trench £176,165 $122,709 $159,755 $6,565 $465,194  $116,299  $17,445 529,947  §2,956 $631,841
Medium Dose Soil 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730  $102,433  $15,365 $26,376  $2,603 $556,508
Excavate Clean Overburden 1301 $13,866 3 $7,920 $ $21,786 $5,447 817 $1.402 $138 $29,590
Excavate Clean Overburden 1325 $6,941 $ $3,966 3 $10,907 $2,727 $409 $702 $69 $14,814
Support Functions $17,488 $201,48¢  $1,529,808 3 $1,748,782  $437,195  $65,579 $112,578 $11,11) $2,375,246
Mobilization/Demobilization $26,404 $248,912 $4,805 $118,000 $398,121 $99,530  $14,930  $25,629  $2,530 $540,739
Subtotals: $1,089,431  $4,552,900  $2,703,202 $486,280  $8,831,813 52,207,953 $331,193 $568,548 $36,116  $11,995,622
ERDF Disposal $192,946 . 3 $ $17,269,694 $17,462,641 $17,462,641
ERC Support $ $ $2,045,615 $500,000  $2,545,615 $2,545,615
Subtotal  $32,003,878
Option 2 : Blend lower dose materials (LLW from 100 H & F) with materials from 1301 Crib & Trench and Direct Distribs @ 18.49% $5917,517
1325 Crib & Trench to lower dose rate to allow free dumping at ERDF with modified operations at ERDF. —_—
High dose soil (top 1 foot) blended at 25 :1. Assume blended with 2 feet of shiclding on top and the LLW Subtotal ~ $37,921,395
;rr\!s:;t;r-lglfs‘ée:/ﬁd:ar; ;ii:ﬁ: :z:elagae:;le 4 h:'eegti)uﬂegg:edlz; ;r2| . Assume blended with 1 foot of shielding on top G&A @ 3.89% $1,475,142
TOTAL:  $39,396,538
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Table D-2. Option 3

R Home B&O
Equipment Subtotal Distribs Office Profit Tax
Item Item Description 3 Materials § Labor $ SiC$ Direct 25% 3.00% 5.00% 0.47% Total Bid §
Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $384,632 $96,158 314,424 $24,761 $2,444 $522,418
Remove High Dose Concrete $2,657 $78,180 $2,738 $585 $84,160 $21,040 $3,156 35,418 $535 $114,309
Remove LLW Concrete $16,994 $534 $1 0,593 $ $28,121 $7,030 $1,055 $1,810 3179 $38,195
Remove LLW soil above Boulders $12,392 $16,602 $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982
Remove Boulders 1301 Crib $53,069  $3,789,035 $71,265 $9,360  $3,922,729 $980,682 $147,102 $252,526 $24,924 $5,327,964
High Dose Soil 1301 Crib & Trench $18,001  $1,181,852 $23,101 $2,925  $1,225.880 $306,470  $45970 378916  $7,789 $1,665,025
High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580  $3,042,797 3$910,699 $136,605 3$234,505 $23,146 $4,947,751
Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 $6,565 $465,194 $116,299  $17,445  $29,947 $2,956 $631,841
Medium Dose Soit 1325 Crib & Trench $155,756 $107,233 $140,956 $5,785 $409,730 $102,433  §$15,365 $26,376  $2,603 $556,508
Excavate Clean Overburden 1301 : $13,866 $ $7,920 $ $21,786 $5,447 3817 $1,402 $138 $29,590
Excavate Clean Qverburden 1325 $6,941 $ $3,966 3 $10,907 $2,727 $409 $702 $69 $i4,814
Support Functions $12,162 $120,863 $945,715 3 $1,078,740 $269,685  $40453 $69,444 36,854 $1,465,176
Mobilization/Demabilization $23,125 $246,447 $4,565 $118,000 $392,136 398,034  $14,705 $25,244  $2,492 $532,611
Subtotals: $581,287  $9,231,726  $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 $753,704 $74,391 $15902,184
ERDF Disposal $457,496 3 $ $3,369,8323 $8,827,329 $8,827,329
ERC Support 3 $ $1,422,617 $500,000 $1,922,617 $1,922,617
Subtotal  $26,652,129
Option 3: Containerized shipments of High dose materials to ERDF with blending of Medium dose materials Direct Distribs @ 18.49% $4,927,979
for free dumping with modified operations at ERDF. High dose materials (top 1 foot + shielding)
containerized in B-25 boxes and shipped to ERDF Medium dose soil (next 4 feet) blended at 1.2:1. Assume Subtotal ~ $31,580,108
blended with 1 foot of shiclding on top and 3.8 fect LLW material beneath the medium dose layer and shipped
to ERDF.
G&A @3 89% $1,228,466
TOTAL:  $32,808,574
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Table D-3. Option 4

Home B&O
Equipment Subtotal Distribs Office Profit Tax
Item Item Description $ Materials$ Labor $ S/ICS Direct 25% 3.00% 5.00% 0.47%  Total Bid §

Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $184,632 $96,158  $14,424  $24,761 32,444 $522,418

Remove High Dose Concrele 32,657 $78,189 $2,738 $585 $84,160 $21,040 33,156 $5,418 $535 $114,309

Remove LLW Concrete $16,994 $534 $10,593 3 $28,121 $7,030 $1,055 $1,810 $179 $38,195

Remove LLW Soil Above Boulders $12,392 316,602 | $12,223 $ $41,217 $10,304 $1,546 $2,653 $262 $55,982

Remove Boulders 1301 Crib $53,069  $3,789,035 §71,265 $9,360  $3,922,729  $980,682 $147,102 $252,526 324,924 $5,327,964

High Dose Soil 1301 Crib & Trench $18,001  $1,181,852 $23,101 $2,925 1,225,880 $306,470 $45,970 $78916  $7,789 $1,665,025

High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580  $3,642,797 $910,699 $136,605 $234,505 $23,146 54,947,751

Medium Dose Soil 1301 Crib & Trench $176,165 $122,709 $159,755 36,565 $465,194 $116,299  $17,445 $29,947 $2,956 $631,841

Medium Dose Seil 1325 Crib & T.rcnch $155,756 $107,233 | $140,956 $5,785 $409,730 $102,433 $15,365  $26,376 32,603 $556,508

Excavate Clean Overburden 1301 $13,866 3 $7,920 3 $21,786 $5,447 3817 $1,402 3138 $29,590

Excavate Clean Overburden 1323 $6,941 3 $3,966 $ $10,907 $2,727 $409 $702 $69 $14,814

Support Functions $12,162 $120,863 $945,715 3 $1,078,740 $269,685  $40453 369444 36,854 $1,465,176

Mobilization/Demobilization $23,125 $240,447 $4,565 $118,000 $392,136 $98,034 $14,705 325,244 $2,492 $532,611

Subtotals: $581,287  $9,231,726  $1,693,688 $201,330 $11,708,030 $2,927,008 $439,051 3$753,704 374,301 $15,902,184

ERDF Disposal $24,199 L] $ $19,299,850 §$19,324,049 $19,324,049

ERC Support $ $ $1,422,617 $500,000 $1,922,617 $1,922,617

Subtotal:  $37,148,850

Option 4: Containerized shipments of High dose materials to Waste Management (RFSH) and blending of Direct Distribs 2 18.49% $6,868,822
Medium dose materials for free dumping with modificd operations at ERDF. High dose materials (top 1 foot +

shielding) containerized in B-25 boxes and shipped to RFSH. Medium dose soil (next 4 feet) blended at 1.2:1. Subtotal:  $44,017,672

As:sume blended with | foot of shielding on top and 3.8 feet LLW material beneath the medium dose layer and G&A @ 3.89% $1.712,287

shipped to ERDF.
TOTAL:  $45,729,959
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Table D-4. Option 5

a

B&O
Equipment Subtotal Distribs Profit Tax
Item Description $ Materials $ Labor § S/ICS Direct 25% Item 5.00% 0.47% TotalBid §
Remove Panels & Beams $33,230 $62,490 $239,382 $49,530 $£384,632 $96,158 514,424 324,761 $2,444 $522.418
Remove High Dose Concrete $2,657 $78,1 Bp $2,738 $585 $84,160 $21,040 $3,156 $5418 $535 $114,309
Remove LLW Concrete 316,994 $534 $10,593 $ 528,121 $7,030 $1,055 $1,810 $179 $38,195
remove LLW Soils Above Boulders $12,392 $16,602 $12,223 b $41,217 $10,304 $1,546 $2,653 $262 $55,982
Remove Boulders 1301 Crib $53,069 33,789,035 $71,265 $9.360 $3922,729  $980,682  $147,102  $252,526 $24,924  $5,327.964
High Dose Soil 1301 Crib & Trench $18,001  $1,181,852 $23,101 $2,925  $1,225,880 $306,;I70 $45,970 $78916  $7,789  $1,665,025
High Dose Soil 1325 Crib & Trench $56,929  $3,505,780 $71,508 $8,580 3,642,797 $910,699 $136,605 $234,505 $23,146 34,947,751
Medium Dose Soil 1301 Crib & Trench $131,462  $9,216,223 $174,964 $22,620  $9,545,269 $2,386,317 $357,948 $614,477 360,649 $12,964,659
Medium Dose Soil 1325 Crib & Trench $122,546  $8,474,722 $162,128 $20,865  $8,780,261 $2,195,065 $329,260 $565,229 $55,788 $11,925,603
Excavate Clean Overburden 1301- $13,866 3 $7,920 $ $21,786 $5,447 $817 $1.402 $138 $29,590
Excavate Clean Overburden 1325 $6,941 $ $3,906 $ $10,907 $2,727 $409 $702 369 $14,814
Support Functions $13,246 $131,626 $927,284 3 $1,072,155 $268,039 $40,206 $69,020  $06,812  $1,456,232
Mobilization/Demobilization $23,125 $246,447 $4,565 $118,000 $392,136 398,034 $14,705 $25,244  $2,492 $532,611
Subtotals: $504,457 326,703,491 31,711,636 $232,465 $29,152,049 37,288,012 $1,093,202 31,876,663 $39,595,153
$185,227

ERDF Disposal $1,352,562- $ 3 $6,457,884  $7,810,446 $7.810,446
ERC Support 3 $ $1,549,381 $500,000  $2,049,38] $2,049,381
7 Subtotal $49,454,980
Option 5: Containerized shipments of both High dose and Medium dose materials to ERDF with modified Direct Distribs @ 18.49% $9,144,226

operations at ERDF. High dose materials (top 1 foot + shielding) containerized in B-25 boxes and shipped to . .
ERDF. Medium dose soil (next 4 feet) containerized in B-25 boxes and shipped to ERDF. Subtotal ~ $58,599,206
G&A @3.89% $2,279,509
TOTAL: $60,878,715
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E1.0 INTRODUCTION

E1.1 PURPOSE

The 116-N-1 (1301-N) and 116-N-3 (1325-N) liquid waste disposal facilities (LWDFs) are to be
remediated beginning in July 2000 under the Comprehensive Environmental Response,
Compensation, and Liability Act of 1980 and closed under the Resource Conservation and
Recovery Act of 1976 (RCRA). Each LWDF consists of a crib and a trench. Under the proposed
remedial action (DOE-RL 1998a and 1998b), pipelines and aboveground structures would be
removed. Clean overburden material would be excavated and stockpiled. Contaminated soils
would be excavated, treated (if required to meet RCRA land disposal restrictions) and disposed
at the Environmental Restoration Disposal Facility (ERDF). The sites would then be backfilled,
graded, and revegetated.

Revision 0 of the engineering study (BHI 1997a) evaluated various methods for excavation,
transportation, and disposal of contaminated material at the ERDF and focused on radiation
exposure and safety hazards. The 1997 engineering study also developed and compared options
to implement the preferred altermative and recommended a preferred option based on cost and
total dose to workers. Additional sampling of crib and trench soils was also recommended to
better define the design approach and to significantly reduce cost estimates. The recommended
sampling was performed in December 1998.

The purpose of this appendix is to re-evaluate the approach and costs to remediate the 116-N-1
and 116-N-3 LWDFs presented in the 1997 engineering study. The re-evaluation is based on
analytical results for soil sampling performed at the 116-N-1 and 116-N-3 sites during
December 1998. The results of the sampling are presented in a data summary report (BHI 1999).

E1.2 BACKGROUND

Previous characterization studies indicated that a 1.5-m-thick contaminated soil layer exists
below the bottom of the 116-N-1 and 116-N-3 LWDFs. This layer is contaminated with
plutonium-239/240 and other radioisotopes and, if not remediated, would pose an unacceptable
risk through direct human exposure if future excavations reached the depth of this layer.
Therefore, this layer will be removed.

An engineering study (BHI 1997a) developed and evaluated various options to excavate and
dispose of the waste from the 116-N-1 and 116-N-3 cribs and trenches. The engineering study
used conservative estimates of radioactive contamination levels and dose rates derived from
earlier characterization activities. These data were used to construct conceptual models of the
contarninated sites. The conceptual models assumed that the upper 0.30 m of contaminated soil
layer contained the bulk of the contamination and was referred to as the high-activity layer. The
lower 1.2-m contaminated layer was assurned to contain lesser amounts of activity and was
referred to as the low-activity layer.

The ERDF waste acceptance criteria (BHI 1998a) established levels of radioactivity in soil that
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could be deposited in the ERDF based on land disposal restrictions. Supplemental waste
acceptance criteria (BHI 1997b) were developed for non-soil items to ensure that ERDF workers
were not unduly exposed to radioactive material. However, no limits were developed for soil to
ensure worker protection.

Because there were no established radioactivity limits for ERDF operations, the engineering
study (BHI 1997a) developed these limits. The engineering study determined that alpha-emitting
airborne concentrations would be the limiting operating factor for disposing 116-N-1 and
116-N-3 crib and trench waste at the ERDF. The engineering study postulated that under the
worst conditions, an ERDF worker would inhale dust at a concentration of 600 pg/m’ for

500 hr/yr (based on studies that have shown that standard construction work can produce a dust
loading of this magnitude). At this dust level a concentration of 270 pCi/g of plutonium-239/240
would result in an airborne level that is 9% of a derived airborne concentration and deliver

100 mrem/yr of dose to the worker. Therefore, the 270-pCi/g limit was used by the engineering
study for existing ERDF operations that are similar to standard construction operations.

The engineering study considered another option for ERDF operations that would require
increased dust control measures, strategic placement of waste at the ERDF and workers handling
this material, increased coordination of all other waste delivered to the ERDF, increased
monitoring of dust loading, and containerization of high-activity material. These measures
would effectively raise the allowable plutonium-239/240 soil concentration limit from 270 to
2,000 pCi/g.

The engineering study developed and evaluated five options to excavate and dispose of the waste
from the 116-N-1 and 116-N-3 cribs and trenches. These options are described below.

. Option 1: Mix High- and Low-Activity Material to Meet 270 pCi/g Transuranic Soil
Concentration Limit. This mixing would reduce soil concentrations to address airborne
contamination dose to workers at the ERDF. It was assumed that lower activity material
from other sites and onsite materials from crib/trench excavation operations would be
used for mixing to meet this limit. This option was not carried forward for evaluation in
the engineering study because of an unfavorable value engineering ranking.

. Option 2: Increase Transuranic Soil Concentration Limit to 2,000 pCi/g. This
option would introduce operational controls for airbome contamination at the ERDF so
ERDF soil concentration limits could be increased to 2,000 pCi/g for transuranic (TRU)
elements. The increased limit would lessen the amount of mixing that would be required.

. Option 3: Containerize (Package) the High-Activity Material and Mix Low-Activity
Material to Meet 2,000 pCi/g Limit. This option would package the higher activity
material in B-25 boxes for shipment to the ERDF. Containing the high-activity waste in
B-25 boxes would eliminate the potential for airborne contamination; however, dose
considerations would still need to be addressed. The lower activity material would be
mixed to achieve a volume that would decrease the potential for airborne contamination
and would be placed in existing ERDF containers (RCI containers). .
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Option 4: Containerize (Package) the High-Activity Material for Shipment to
Waste Management and Mix Low-Activity Material to Meet 2,000 pCi/g Soil
Concentration Limit. This option is the same as Option 3, except that the high-activity
waste contained in the B-25 boxes would be shipped to the Central Waste Complex while
the lower activity material would be shielded, excavated, mixed, and shipped to the
ERDF.

Option 5: Containerize (Package) All Material. This option would contain all waste
in B-25 boxes (both high and low activity waste) for shipment to the ERDF.

All options had the following common elements:

Excavation. In all cases, excavation would be accomplished using a hydraulic excavator
equipped with an extended-reach boom. Side-slope benching along the trench would be
performed, as necessary, to position the excavator. Excavation would begin at the side of
the trench and/or crib and material would be removed from the bottom and side slope.
When the reach of the boom is exceeded, soil cover would be placed on top of the
exposed surfaces to provide a clean surface for the excavator to relocate to continue
removing material. Excavated material would be placed and packaged in either ERDF
roll-on/roll-off containers or B-25 boxes, depending upon the option. These containers
would be staged for transport to ERDEF.

Concrete Panels, Structural Supports, and Large Debris. These types of debris would
be removed and surveyed for contamination. Material not directly in contact with the
soils of the trench would be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material would be staged for alternate
disposal. Contaminated material would be sized in accordance with ERDF bulk waste
supplemental criteria and transported to the ERDF for disposal. Smaller concrete
material and debris in contact with the soils or requiring significant decontamination

‘efforts would be removed by the excavator and placed in the appropriate package or

container for disposal at the ERDF.

Cobbles and Boulders in the 116-N-1 Crib. Cobble and boulder layers comprise the
upper most region of the 116-N-1 crib area to be remediated. The cobble layer was
considered to have low levels of activity and would be excavated into roll-on/roll-off
containers and transported to the ERDF. High-activity material would be packaged
directly into containers (B-25 boxes) without blending or would be proportionally
biended with low-level soil into roll-on/roli-off containers.

The remediation options were evaluated based upon a number of criteria, including life-cycle
cost, the ability to control the spread of radioactive contamination, worker safety, and worker
radiation exposure. Option 3 was the preferred option based on cost and total dose to workers.

The evaluation criteria were strongly influenced by the assumed volumes and activity levels of

contaminated soil layer. Consequently, the engineering study recommended that additional
sampling be performed in conjunction with remedial design to better define the nature and extent

of the waste. The new data would be used to better define the design approach.
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The recommended sampling was conducted in December 1998 (BHI 1998b and BH1 1999).
Eight soil samples were collected from each of the LWDFs. A test pit was excavated in each of
the trenches, and four samples were obtained from each test pit. Additionally, four samples were
collected from the surface soils at the 116-N-1 Trench, and four samples were collected from the
surface soils at the 116-N-3 Crib. All samples were analyzed for radionuclides and toxic
characteristic leaching procedure (TCLP) metals. The results of the characterization effort are
summarized in the Data Summary Report for 116-N-1 and 116-N-3 Facility Sampling to Support
Remedial Action Design (BHI 1999).

The data summary report (BHI 1999} made the following observatlons with respect to the
characterization data:

e Samples of soil and sediment scraped from the upper 80 mm of the percolation surface of the
116-N-1 trench and 116-N-3 crib have similar activity levels

» Percolation surface activity levels are fairly constant along the length of the 116-N-1 trench
and across the 116-N-3 crib

e Activity levels of in samples taken from comparable lifts of test pits excavated in the
116-N-1 trench and 116-N-3 trench are comparable

o Activity levels drop off rapidly with depth, by a factor of 10 to 100 in the first 0.61 m of
depth.

e None of the TCLP results exceed the toxicity characteristic limits of 40 CFR 261.24

¢ None of the concentrations of radionuclides that could be designated as TRU exceeded
100 nCr/g

The data summary report developed a revised conceptual model of the sites. The high activity
levels associated with surface sample data are representative of only a very thin (approximately
7 mm thick) layer at the top of the soil profile. This thin high activity layer contains the bulk of
the TRU elements. This thin high-activity layer is significantly thinner than the 0.30-m-thick
high activity layer assumed in the original engineering study (BHI 1997a).

E2.0 RE-EVALUATION OF REMEDIATION APPROACH

E2.1 REVISED REMEDIATION OPTION

Based on the 1998 characterization data, the data summary report (BHI 1999) concluded that the
high activity levels are representative of only a very thin layer at the top of the soil profile (about
7-mm thick). This thickness is in contrast to the 300-mm-thick layer that was assumed in the
engineering study (BHI 1997a). This 7-mm thickness is minor when considering remediation
activities that typically remove contaminated soil in lifts of 300 to 600 mm or greater.
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The soil is acceptable at the ERDF based upon a comparison of the characterization data with the
hazard classification limits and the radionuclide inventory of waste already received at the
ERDF.

The supplemental waste acceptance criteria are currently being revised to establish the acceptable
levels of residual radioactivity in soil for unrestricted disposal at the ERDF (Table E2-1). Levels
above those listed in Table E2-1, while not necessarily prohibited from disposal at ERDF, will
have to be reviewed by ERDF personnel to ensure worker protection. Table E2-1 shows that the
operational limit for plutonium-239/240 is 1,780 pCi/g, approximately 6.6 times the limit of

270 pCi/g that was used in the engineering study (BHI 1997a).

Of the two test pits excavated during 1998 (116-N-1 and 116-N-3), the composite sample
collected from the 116-N-1 had the higher radionuclide contamination levels. The 116-N-1
composite sample would represent a worst-case 1.5-m lift during remediation. The radionuclide
concentrations in the 116-N-1 composite sample are shown in Table E2-1. The calculated
fraction of the maximum soil concentration for ERDF disposal for each radionuclide is also
shown in Table E2-1. The sum of these fractions (0.346) is less than 1 and indicates that the soil
is acceptable for bulk disposal at the ERDF even without blending with soil having lower activity
levels. .

Given that the soil is acceptable for bulk disposal at the ERDF without containerization or
blending, the options and associated cost estimates discussed in Appendix D of the engineering
study (BHI 1997a) that involve blending and/or boxing are no longer applicable. The following
is a description of the revised remediation option based on the revised conceptual model (BHI
1999): '

. Excavation. Excavation would be accomplished by using a hydraulic excavator
equipped with an extended-reach boom. Side-slope benching along the trench would be
performed, as necessary, to position the excavator. Excavation would begin at the side of
the trench and/or crib and material would be removed from the bottom and side slope.
When the reach of the boom is exceeded, soil cover would be placed on top of the

* exposed surfaces to provide a clean surface for the excavator to relocate to continue
removing material. Excavated material would be placed in ERDF roll-on/roll-off
containers. These containers would be staged for transport to the ERDF.

. Concrete Panels, Structural Supports, and Large Debris. These types of debris would
be removed and surveyed for contamination. Material not directly in contact with the
soils of the trench would be surveyed and decontaminated, as required (reasonable
determination made in the field), and clean material would be staged for alternate
disposal. Contaminated material would be sized in accordance with ERDF bulk waste
supplemental criteria and transported to the ERDF for disposal.

. Cobbles and Boulders in the 116-N-1 Crib. Packaging and disposal of cobbles and
boulders would depend on activity levels. Cobbles and boulders having activity levels
within the limits set forth in the ERDF supplemental waste acceptance criteria (BHI,
1997b or current revision) would be placed in ERDF roll-on/roll-off containers for bulk
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disposal at the ERDF. Cobbles and boulders with activity levels that would otherwise
exceed the limits in the supplemental waste acceptance criteria for ERDF would either be
proportionally blended with lower activity soil and loaded into ERDF roll-on/roll-off
containers for bulk disposal or would be packaged directly into containers (B-25 boxes)
without blending and transported to the ERDF. '

. 116-N-3 Crib. Radiation surveys of the crib in 1995 and later and analytical laboratory
characterization of crib sediments and sludges (BHI 1999) have shown that a significant
portion of the dose rate measured on the roof of the crib is due to radioactive
contamination remaining in the concrete troughs. A significant reduction in radiation
exposure (from the current 300 mrem/hr to about 0.5 mrem/hr) could be realized by
filling the troughs with a cementitious grout.

Demolition of the crib would then proceed in a conventional manner. Demolition would )

include removal of inlet side pre-cast retaining wall and footings, the hollow core pre-cast
retention wall, deck panels, girder beams, and footers. During removal of the concrete
structures, clean fill (for radiological shielding) would be placed on the exposed crib
bottom surface up to the top elevation of the drain field distribution laterals.
Contaminated material from the bottom of the crib, including the distribution trough
system and the clean shielding material, would be excavated and loaded in ERDF
containers for transport to the ERDF.

E2.2 REVISED DOSE EVALUATION

The new characterization data (BHI 1999) indicate that the remediation of the sites can proceed
in a conventional manner, similar to that used in the other 100 Areas sites (e.g., 100-B/C).
Nevertheless, there are relatively high concentrations of cobalt-60 and cesium-137, which emit
high-energy gamma radiation. The presence of these isotopes will contribute a significant dose
to workers unless measures are taken to reduce the dose. Dose will be managed by applying the
three dose reducing factors to minimize the worker exposure time, maximize the distance
between the source and the worker, and provide shielding between the source and the worker.

The most problematic area of remediation, in terms of managing dose to workers, will be the
demolition and removal of the 116-N-3 crib. The distribution trough system represents a
significant contributor to the worker dose. Currently, the radiation dose measured at the top of
the crib covers is about 300 mrem/hr. Flood grouting of the trough system is expected to reduce
the exposure to about 0.5 mrem/hr. With this and other measures, as outlined in Section E2.1,
the remediation of the 116-N-3 crib and trench is estimated to contribute a total effective dose
equivalent (TEDE) of about 10,000 mrem. Remediation of the 116-N-1 crib and trench would
contribute a TEDE of about 5,000 mrem. Details of the dose estimate are provided in
Attachment 1.

E2.3 REVISED COST ESTIMATE

Revised remediation volumes were estimated (Attachment 2) and are summarized in Table E2-2.
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These volumes were used to revise the cost estimate for contaminated soil and debris removal
and disposal. The cost estimate for removal and disposal of contaminated soil and debris is
$10.9 million. Details of this estimate are provided in Attachment 3. In addition to these costs
are costs for pipeline removal, backfilling, site restoration, engineering, and contingency, which
brings the total estimate to $21.9 million, as itemized in Table E2-3. '

E2.4 REVISED CONCLUSIONS
. Preferred Option. The preferred remediation option for the 116-N-1 and 116-N-3 cribs
' and trenches is to excavate contaminated soil and structures with a hydraulic excavator.

Excavated material would be placed in ERDF roll-on/roll-off containers. The distribution
trough in the 116-N-3 crib would be flood grouted to reduce worker exposure before
remediation begins.

. Implementability. The selected option is implementable, based on characterization data
obtained in 1998, cost estimates, and dose evaluation.

. Impacts to ERDF. There would be no impacts to ERDF operations.

. Lower Cost for Remediation. Remediation costs in revision 0 the engineering study
(BHI 1997a) were calculated based on a conservative conceptual model that resulted ina
significant amount of special handling for disposal in the ERDF. The revised conceptual
model obviates the need for most of the special handling and the total estimated cost for
remediation, including excavation of contaminated soil, debris, and pipelines and disposal
in the ERDF is about $21.9 million.

Table E2-1. Comparison of Characterization Data with Limits
for Worker Health and Safety at ERDF -
. . : 116-N-1 Test Pit

CMaxunun:.x Soil 116-N-1 Test Pit _ Composite Sample Result,
Isotope D‘oncentratlo.n fo_r Composite Qualifier | Fraction of the Maximum

irect Dumping in | Sample Result Soil Concentration for

ERDF (pCi/g) (pCi/g) >0 ftrat

Direct Dumping in ERDF

Sr-90 7.62E+05 1.75E+03 2.30E-03

Cs-137 2.67E+07 2.40E+04 8.99E-04

Co-60 3.81E+06 6.89E+03 1.81E-03

Tc-99 1.14E+08 U 0.00E+00

Eu-152 3.81E+06 U 0.00E+00

Eu-154 3.05E+06 U 0.00E+00

Eu-155 1.52E+07 U 0.00E+00

U-238 2.67E+035 U 0.00E+00

Th-232 4.44E+02 U 0.00E+00

Pu-239 (y) 1.78E+03 3.35E+02 B 1.88E-01

Pu-239 (w) 5.33E+03 0.00E+G0

Am-241 1.78E+03 2.24E+02 1.26E-01
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Table E2-1. Comparison of Characterization Data with Limits
for Worker Health and Safety at ERDF

Maximum Soil | 116-N-1 Test Pit Com e e Rsult
Concentration for Composite . -omp! pe i
Isotope . A Qualifier | Fraction of the Mazimum
Direct Dumping in | Sample Result Soil C con §
ERDF (pCi/g) (pCi/g) : 0 oncen.tratlon or
Direct Dumping in ERDF
Ni-63 4.67E+08 U 0.00E+00
Sum 3.46E-01

B = blank contamination :
U =result was below detection limit

Table E2-2. Remediation Volume Summary

Facility Bank Volume (ft) Bank Volume (m?)
116-N-1 crib 7 507,500 14,362
116-N-1 rench 468,125 13,247
116-N-3 crib 300,000 8,490
116-N-3 rench 290,625 8,225

Table E2-3. Cost Estimate.

Item Description Estimated Cost

Remove concrete panels and beams $479,819
Demotlish and remove high-dose concrete ' $113,846
Demolish and remove low-level waste concrete ‘ 825,693
Excavate 116-N-1 crib $344,639
Excavate 116-N-1 trench $307,364
Excavate 116-N-1 crib $230,985
Excavate 116-N-1 trench $196,654
Excavate clean overburden -- 116-N-1 crib and trench $36,388
Excavate clean overburden -~ 116-N-1 crib and trench $26,792
Backfill® $1,037,209
Site restoration* $36,350
Support functions . $684,918
Mobilization/demobilization $367,535
Subtotal $3,888,192
ERDF disposal $3,775,475
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Table E2-3. Cost Estimate.
Item Description Estimated Cost

ERC support $2,320,371
Pipeline removal® $1,967,804
Subtotal $11,951,842
Engineering/design® $2,570,000
Subtotal $14,521,842
Direct dismributables $2,679,280
Subtotal $17,201,121
General and administrative $629,561
Subtotal $17,830,682
Contingency (34%)° $4,063,626
TOTAL $21,894,309

* Cost not included in Attachment 3; carried over from the corrective measures study (DOE-RL 1998a).

®  Current estimated cost from FY 2000 detailed work plan.
¢ Contingency not included in Attachment 3.
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Job Title: 13017 Crib/Trench Demolition and RWP#: Estimate for Pesign Purposes
Excavation
TWD#: BHI - 01092

Field Engineer: S. G. Thieme Radiological Engineer: S. K. De Mers

Task Description Work No. Exposure | Estimated | Estimated | DAC | TEDE
Area of Rate External Air Hrs far
Hours | People | {mrem/hr) | Exposure Activity Task
{(DAC)
Radiation Survey of Crib/Trench 4 3 20 2490 <002 © 240
Demolish and Remove Panels/Supports 40 2 1.5 120 <0021 © 120
Excavate and Load Soils 240 2 1.8 720 <0.02 0 720
Transport from Crib to *Q" 240 2 1.5 720 <002 O 720
Packaging of Materials for Shipment 140 4 1.5 840 <0.02¢( 0 840
RadCon Support Survey 120 1 1.5 180 <Q.02] 0O 180
. Sampling of Scils from Bucket 40 2 10 800 <0.02{ © 800
Work in “Q” 100 2 1.5 300 <0.02] 0 300
Transport of Containers to ERDF 5G0 4 0.25 500 <0.02} O 500
Work in RMA at ERDF 40 2 1 80 <0.02)! 0O 80
Transport of Container to Dump Face 40 3 1.5 180 <002 0O 180
Disposal of Soils on the Dump Face 80 3 1.5 360 <0.02] © 360
Compacting Soils Within ERDF 100 1 1.5 150 <0.02] O 150
' I ' : Estimated TEDE

{mrem) for Work 5,190

Prepared by: 5. K. De Mers

Print/Sign/Date

NOTE: Estimated Air Activity is breathing zone air activity, taking into account protection factor of respiratory
protection, if used.

. NOTE: Use 2.5 mrem exposure per DAC-hr,
BHI-TM-RO73 (04/99)
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] £RC Radiological Control.
EXP@SUBE ESTIMATE - ' page 1 of 2
Job Title: 1325 Crib/Trench Demolition and RWP#: Estimate for Design Purposes
Excavation
TWD#: BHI - 01092
Field Engineer: _§. G. Thieme Radiological Engineer: 8. K. De Mers
Task Description Work No. Exposure | Estimated | Estimated | DAC | TEDE
Area of Rate External Air Hrs for
Hours | People | (mrem/hr) | Exposure Activity Task
{DAC)

Cut and Plug Inlet Piipe 8 3 3 72 <002} 0 72
Cut and Drill 3-8” Holes in Covers 8 1 50 40 <0.02 0 50
Flood Grout Drain Field 8 3 2 48 <0.02 0 48
Radiation Survey of Crib 4 2 5 40 <002y 0 40
Excavate Support Area Inlet Side of Crib 16 1 2 32 <0.02 9] 32
Excavate Support Area East Side of Crib 8 1 2 16 <0.02 0 16
Saw Cut Panels Above Girders 10% 4 : 5 2625 <0.021 0O 2625

- Demolish and Remove Inlet Side Wall 8 2 2 32 <0.02i O 32
Remove Cover Paneis © 40 ] 2 80 <0.02| O 80
Demolish and Remove Girder Supports 84 1 10 840 <0.02| O 840
Place Clean Fill Ahead of Excavation 40 1 10 400 <0.02 0 400
Demolish and Remove Drain Field 8 1 10 80 <0021 O 80
Excavate and Load Soils 208 1 10 2080 <0.02 9] 2080
Demolish and Remove Trench Side Wall 8 1 1 8 <0.02 0 8
Pemolish and Remove Lines to Trench 16 1 2 32 <0.02| 0 32
Remove and Package Debris . 48 4 1 196 <0.02}1 O 196
Prepared by:

Print/Sign/Date

NOTE: Estimated Air Activity is breathing zone air activity, taking into account protection factor of respiratory
protection, if used.

NOTE: Use 2.5 mrem exposure per DAC-hr.

BHI-TM-R073 (04/99)
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-ERC -Radiological Control
EXPOSURE ESTIMATE page 2 of 2
Job Title: 1325 Crib/Trench Demolition and RWP#: Estimate for Design Purposes Only
Excavation
TWD#: BHI-01092
Field Engineer: _$. G. Thieme Radiological Engineer: 8. K. De Mers
Task Deascription Work No. Exposure | Estimated | Estimated { DAC | TEDE
Area of Rate External Air Hrs for
Hours | People | {mrem/hr) | Exposure Activity Task
(DAC)
Transport from Crib to “Q” 52 3 1 156 <0.02 0O 156
Packaging of Materials for Shipment 26 4 1 104 <0.02| O 104
RadCon Support Survey 80 2 5 800 <0.02] 0 800
Removal of Panels from Trench 16 1 2 32 <0.02 0 32
Removal of Soil from Trench 120 2 2 430 <0.02y 0O 480
Sampling of Soils from Bucket 12 2 10 240 <0.02) © 240
. RadCon Surveys in Support of Excavation 12 2 10 240 <0.02| O 240
Hauling_Soils 1o Q" 40 3 1 120 <002 O 120
Work in Survey Tent 80 4 1 320 <0.021 0 320
Work in “Q” ) 100 2 1 200 <0.02! © 200
Transport of Containers to ERDF 320 3 G.2 192 <0.02 0 192
Work in RMA at ERDF 40 2 1 80 <0.02!| © 80
Transpori of Container to Dump Face 40 3 1 120 <0.02 Q 120
Disposal of Soils on the Dump Face 80 3 1 240 <0.02 0 240
Compacting Soils Within ERDF 100 1 1 100 <Q.02 o] 100
Estimated TEDE
{mrem) for Work | 10,039

B8HI-TM-RQ73 (04/99)
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BHI-01092

Bechtel Hanford, Inc CALCULATION SHEET Rev. 1
7.7
Originator _J. D. Ludowise / Kira Sykes Date _04/07/99 calc. No. _0l00N-CA-V0002 Rev. No. B
Project Remedial Actions Job No. 22152 Checked (P Date 4/ /% ¢
Subject Soil Remediation Volume for 1301-N and 1325-N Sheet No.l of §
Purpose

The purpose of this calculation is to estimate the quantity of contaminated soil requiring disposal
from the remediation of 1301-N (116-N-1) and 1325-N (116-N-3). The values calculated herein
will be used as the basis for a cost estimate and radiation dose assessment for the project.

Background

The corrective measures study for 1301-N and 1325-N (Ref. 1) identified remove arid dispose as
the preferred option for remediating these sites. An engineering study (Ref. 2) evaluated issues
associated with the remove/dispose option and recommend an optimized remediation option.
The recommendations in the engineering study were based on a conservative conceptual model
of the sites that included a 1 foot thick layer of “high” activity contamination below which was a
4 foot thick layer of “low” activity contamination. This conceptual model was used in revision 0
of this calculation and was the basis for the developing cost estimates in the engineering study.
The engineering study recommended that more characterization of the sites be performed to
refine the conceptual model. The characterization data were collected in December 1998 and are
reported in the data summary report (Ref. 3). The data summary report proposes a new

- conceptual model that eliminates the “high” and “low” activity layers.

Input Data

Facilitv Dimensions
1301-N Crib: Drawing H-1-30589
1301-N Trench: Drawing H-1-28855
1325-N Crib: Drawing H-1-45090
1325-N Trench: Drawing H-1-48894, 48895

Assumptions

The CMS (Ref. 1) provldes several key assumptions regarding the character of the contaminated
soil beneath the cribs and trenches:

1. Thereis a5 ft. thick contaminated layer of soil below the bottom of the trenches and -
cribs.

2. The 1301-N crib volume includes an upper layer consisting boulders, cobbles and -
gravel. There is about 4 ft of stabilization backfill plus about 5 ft of backfill used to
construct the drillpad for 199-N-107A. The thickness of this layer varies between
about 4 ft and 9 ft, but 9 ft was assumed to be conservative. The upper layer is
assumed to be slightly contaminated.

3. Below the upper layer in the 1301-N crib is a 5 ft thick layer that contains the bulk of
the contamination.
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Bechtel Hanford, Inc. CALCULATION SHEET Rev. 1
i
A
originator _J, D. Ludowise / Kira Sykes Date _04/07/99 Calc. No. 0100M-CA-V0002 Rev. No. B
Project Remedial Actions Job No. 22192 Checked (Fe Date TR IA
subject Soil Remediation Volume for 1301-N and 1325-N Shaeet Wo.2 of 5

Assumptions (Continued)

4. The 1325-N Trench volume includes a 2 ft thick layer of backfilled surface cobble.
The 5 ft to be excavated includes the 2 ft thick layer of cobbles plus 3 ft of sandy
gravel below the cobbles.

5. Only the first 750 ft section of the 1325-N Trench was used and is contarninated.

References

1. DOE/RL-97-39, 100-NR-1 Treatment, Storage, and Disposal Units Corrective Measures
Study/Closure Plan, Rev. 0.

2. BHI-01092, 100-NR-1 Treatment, Storage, and Disposal Units Engineering Study, Rev. 0.

3. BHI-01271, Data Summary Report for 116-N-1 and 116-N-3 Facility Sampling to Support Remedial
Action Design, Internal Draft. ‘

Results

The calculations are detailed on the following sheets. The table below summarizes the results.

Volume Summary

Facility Bank Volume, f&* | Bank Vglume,
m
1301-N Crib 507,500 14,362
1301-N Trench 469,063 13,288 4
1325-N Crib 300,000 8,490
1325-N Trench 290,625 8,225
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Lalast Sampling Results and

N-CRIBS ENGINEERING STUDY

Increased Conlrols at ERDF TOTAL COST SUMMARY
{tem Dascriplion Equipment Matarlals Labor 5/C Suhtolal Distribs Home Offica|  Prolit B&0O Tax Totsl
$ ) $ $ Direct 25% 3.00% 5.00% 0.47% Bid
[
3
Remove Concrele Panels and Beams $ 355208 62490{% 205728 |% 49.530 | $ 353,268 | $ BBI17 [$ 13248 % 22742 |% 2245 1% E 479819
Demolish and Removs High Dosa Concrale $ 2495 ]% 78180 ]% 2258 | $ 655 | % 53819 1% 20855 |$ 3443 |8 53068 533 | $ $ 113,848
Damolish and Remove LLW Concrete $  13201]% 421)3 52051 % - 3 18917 1§ 47201 $ 700[$ 1.218]$ 120 % $ 25,693
réxcav:leﬁm Crib $ 1139551 8§ S5721119% 77831 | $ 47451 % 2537411% 63435 § 9515|% 98335(% 1612 (% $ 344,839
IExcavalowm Tranch $ 1015353 51252(§ 69220}$ 4290 | % 226,297 | § 56574 | B.48B |3 14568 % 14388 3 307,364
I N
E: te 1325 Crib $ 165473 38024 | % 52372 |8% 3,120 % 170064 | § 42516 | $ 6ITT|% 109488 1031 (§ $ 230,985
3 1o 1325 Trench $ 64981(% 32,800 |8 44278 [ § 273018 144,787 | $ 3497 [$§ 54308 932118 20| % $ 196,654
Excavale Clean Overburden - 1308 Crib& Trench |$ 17,207 | $ - 15 9492 1% - 1% 26,790 | $ gH98 |[$  10051% 172518 170 1 % $ 38,388
Excavale Clean Ovarburden - 1325 Crib& Trench | § 12747 | $ - 15 EENED - % 19,726 | § 4931 1% 74018 1270 % 125 | % $ 28,792
[Suppet Functlons $ 9378 | S 94031 [$  4003841S - 135 504273 % 1280683 18910 [% 32463 |§ 3204 (S 3 684,818
Mebllizafior/Damobliization $ 1665218 133947 |9% - [$ 118000]% 270500 |$ 67650 |$ 10947 [$ 17420(% 1719 1{$ $ 387,535
Sublotal $ 487198 |% S548356|% BI37271% 183000 |$ 2072281 |% S18070(% 777H $132,403 [ $ 13,167 | $ $ 2814632
Disposal al ERDF ) - 13 - - |$ 375475 % 3715475 $ 3775476
ERC Support $ - $ - $ 1820371} % 500,000 | $ 2.320,371 3 2320371
Sublolal §  &910,479 |
-
Wasls Zon sxcavated in a single (ift and loaded inlo ERDF contafnors for Disposal at ERDF Dlract Distribs @ 18.45% $ 1843983
ERDF pt ciltaria modified to allow free dumping al EROF with contamination lavels up to 2,000 pClig,
High doza concrele Is packaged in B-25 boxes. ] | Subtotal $ 10,554,462
All other contaminated solis and demolished concrels assumed foaded Into ERDF conlalners
Cover panals and 1s beams assumed fo be loadad onlo lrucks and haul to ERDF for disposal.
‘Assume placement of 1 fool of clean malerial on top of contaminallon zone to provide a clean working laysr
GEA @ 3.68% H 388.293
TOTAL: $ 10,840,755

[
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N-CRIBS ENGINEERING STUDY
Remove Panels and Beams

Unit Cost Jobhottrs| Labor
Description Quantity { Unlt| Equip | Material SIC Unlt| Total $ihr Equip Materlal Labor SiIC Total
Remove Concrete Panels and Beams
1361 Crlb and Trench
Prepare Panels & Beams for Removal
Saw Pansl Joints (Means)
Concrete Saw 37400 jhrs | $ 560 $ 2034}% - $ - $ - $ 2,094
Laborers 374.00{8% 2845|% - $ - 1§ 10840 | $ - $ 10,640
Protactive Clothing 232.00 Isets $ 950 $ - $ 220418 - $ - $ 2204
Masks 58.00 lea $ 65.00 $ - $ - $ - $ 3770(|% 3770
install Lifting Lugs (unit price book)
Equipment/materials 17880 lea |$ 040|% 088 $ 7I15|$ 15388 - |3 - |$ 2253
Ironworkers 1,788.0 |ea 1.11] 19847 (% 37.73|$% - $ - $ 74882,% - $ 74,882
Protective Clothing 1,212.0 |sels $ 950 $ - $ 11514 (% - $ - $ 11,514
Masks 303.0 |ea $ 65.00 § - § - $ - $ 196951% 19,685
Remove Panels & Beams
100 ton Crane wf230' boom 111.80 [hrs | § 99.81 13760 [$ 3232]8% 1115018 - § 4447 |8 - |$ 158606
Riggers 27520 | $ 28,45 | ¢ - $ - $ 70291% - $ 7829
Crane Standby time 2580 |[hrs | $ 33.62 $ 867 | § - $ - $ - $ 887
Protective Clothing 138.00 |sets $ 9550 $ - $ 1311]$% - $ - $ 1,311
Spray Panels and Beams w/Fixative (unit price hook)
Laborers 3134015 28451 % - ! - |$ 89163 - $ 8918
Sprayer 104,456 [sf  |$ 0.001 $ 104 | $ - $ - 1% - $ 104
Fixative 418.00 |gal . $ 18.00 $ - $ 7524:% - $ - $ 7524
Protective Clothing 193.00 [sets §  9.50 $ - $ 1834|% - $ - $ 1,834
Masks 49.00 lea $ 65.00 $ - $ - $ - $ 3185|% 3,185
Load panels and Beams anto ERDF Trucks
400 ten crane, crawler 2350 |hre | $ 99.81 2000|8% 3232|% 23468 - ] 937 | ¢ - $ 3,283
Crane Standby 540 |[hrs | § 33.82 $ 182 | $ - § R E - $ 1682
Riggers 5790 |% 28451% - E - § 16471 % - $ 1,847
Protective Clothing 29.00 isets $§ 950 $ - |$ 276]s R - |$ 218
RCT Support
RCT Costs and Hours covered in ERC Support
Protective Clothing 291,00 [sets $ 950 $ - |$ 2765|% - |8 . ($ 2785
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N-CRIBS ENGINEERING STUDY

Remove Panals and Beams

1328 Crib and Trench
Prepare Panels & Beams for Removal 1
Saw Panel Joints (Means) . I S .
Concrete Saw 21780 |[hrs |$ 560 » $_12181% 1% - |% - 1% 1,218
Laborers _ 217.50 284519 - 1% - 1% 651888 - |% 6188
Protactive Clothing _ 134.00 [sets $ 950 $ - 18 127318 - |$ - |$ 1273
Masks 34.00 jea ‘ $ 65.00 $ - 18 - $ - $ 22i0|% 2210
Install Lifting Lugs (unit price book) L 1
Equipmentimaterials 14720ea |3 040]|$ 086 $ 583|$ 1266 |% i - |s 185
Ironwarkers 1,472.0 Jea 1.1} 1,633.9 377318 - $ - $ 616488 - $ 61648
Pratective Clothing 1,006.0 Isats 5 950 $ - ]$ 95571% - 1% - 1% 9557
Masks 2520 |ea $ 65.00 $ - $ - $ - $ 16,380 |% 16,380
Remove Panels & Beams
100 ton Crane wi230' boom 92.00 thrs | $ 99.81 114,40 32321% 9183)% - $ 3697)% - 1% 12,880
Riggera 228.80 2845 | § - $ $ 65098 - |$ 6508
Crane Standby time 2130 |hrs | $ 3362 $ 716 | § - $ - $ - $ 718
Protective Clothing 114,00 |sets $ 950 $ - % 1083]% L - |% 1083
Spray Panels and Beams wiFixative (unit price book)
Laborers 423.70 28451 % - $ - $ 12054 | % - §$ 12,054
Sprayer 141,248 |sf | $§ 0.001 3 1418 - 1S - $ - 13 141
Fixative 565,00 |gal $ 18.00 $ - $ G170 (% - $ - $ 10,170
Protective Clothing 261.00 {sets $ 950 $ - $ 24801 $ - $ - $ 2480
Masks 68.00 |ea $ 65.00 $ - ] - $ - $ 4,290 4,280
Load paneis and Beams onto ERDF Trucks
100 ton crane, crawler 5770 lhrs | $ 99.91 71.00 3232|8% 5759}% - $ 2295(% - $ 8,054
Crane Standby 1330 [lws |§ 33.62 $ 447 | ¢ - 3 . $ . [ 447
Riggers 141.90 284518 - I$ - |8 40378 - |$ 4037
Protective Clothing 71.00 |sots $ 950 $ - % 675 [ § 18 - $ 875
RCT Support
RCT 1,00 |[ea | Costs and Hours covered in ERC Support
Protective Clothing 252.00 {sets | $ 950 $ - |s 2394(s o k] - 1% 2394
Subtotal: 6,003.0 $ 35520 | % 57861 | $205728 % 49,530 | $348,639
Sales Tax @ 8.0% $ 4629 $ 4,629
Totals: 6,003.0 $ 35520 % 62490 | $205728 [ § 49,530 [ § 353,268

.
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N-CRIBS ENGINEERING STUDY
Remove Panels and Beams

All panels and beams are LLW

Panels & beams are sprayed with fixative before placement onto an ERDF truck.

307 trench panels are stacked 4 high for transport to disposal ]

1325 cribftrench panels are loaded one per truck load (walght restrictions)

Beams are loaded one per truck (weight restrictions}

Panels nead to be drilled for placement of lifting lugs

Joints where panels mast need to be sawed. |

Each hift out of the cribitrench with crane akes 15 minutes

Each kift onto hau! truck takes 10 minutes

1301: Cover Panels = 403

Beams = 44

1325: Cover Panels = 298

Side Panels = 30

Beams = 40

I a3y
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Demolish and Remove High Dose Concrete

N-CRIBS ENGINEERING STUDY

S-€ 1V

. - Unlt Cost Jobhours
Description Quantity | Unit] Equip | Material SIC Unit| Total Equip Total
Demolish and Remove High Dose Concrete :
1301 Crib & Trench ]
Demolish and Load 154.20 |lcy :
Backhos wiconcrete Shearer 393 |hrs | § 147.88 ' $ 5681 | % $ 3 $ 581
Backhoe 1 cy 441 |hrs [$ 9325 ‘s 4118 $ $ $  an
Qparator 10.20 $ - $ $ $ $ 330
Water Truck 5000 gal 830 ihrs [§ 3679 102018 3315:§% 305 % $ $ b 643
Laborers 204018 2845:% - $ $ $ $ 580
Equip Standby :
Backhoe/shearer 410 [hrs |§ 3754 ‘s i5q]s $ 3 § 154
Backhoe 1 ¢y 360 |hrs [$ 2568 i3 921% $ $ $ 92
Water Truck 5000 gal 180thrs [§ 895  § 183 $ $ $ 18
Protactive Clothing _ 11.00 [sets $§_ 9.5 $ - 1$ $ $ $ 105
Masks 4,00 |ea $ 65.00 $ - $ $ $ 260
Standard B-25 box 55.00 lea § 783,00 $ - |8 ] $ 43615
Concrete 27.50 |cy b 60.75 $ - $ [ b $ 1,671
Box Liners 55.00 |ea $ 519 3 - IS s $ 285
Load Boxes onto ERDF Trucks
Forklift 830 |hrs | § 23.91 10.20 $ 198 | $ $ $ $ 528
Forklift standby 180 thrs 1§ 582 $ 1018 $ $ $ 10
Protective Clothing 8,00 |sets $ 950 $ - 1$ $ $ ] 57
RCT Support
RCT 1.00 Jea | Costs and Hours covered In ERC Support
Protective Clothing 6.00 Isets $ 950 $ $ 57
Mask 2.00 |ea $ 65.00 $ - $ 130
1325 Crib & Trench
Demolish and Load 87,70 |ley
Backhoe wi/concrete Shearer 1.10 Jhrs | § 147.88 $ 163 $ $ ] 163
Backhoe 1 cy 250 |hrs (§ 9325 ] 233 $ 4 5 233
Qperator 4.40 3 - $ ] f 142
Water Truck 5000 gat 360 )hrs {$ 3679 4,40 $ 132 ] $ $ 278
Laborers 8.80 $ - $ $ $ 250
Equip Standby
Backhoe/shearer 690 |hrs |$ 37.54 $ 258 % $ $ 259
Backhoe 1 cy 550 |hws | & 2668 $ 141 1% $ $ 141

I a9y
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N-CRIBS ENGINEERING STUDY
Damolish and Rermave High Dose Concrete

Water Truck 5000 gal 08 hrs [$ 895 ] $ 7T|$ - $ - $ - $ 7
Protective Clothing 5.00 |sets $ 950 $ - 1% 48 | § - 15 - 15 48
Masks 2.00 |ea $ 65.00 $ - $ - 3 - $ 130§ 130
Standard B-25 box 32.00 |ea $ 793.00 $ - $ 25376 | $ - $ - $ 25376
Concrete 16.00 fey $ 60.75 $ - |s 972(% - /s - |8 9
Box Liners 32.00 [ez $ 519 $ - $ 166|% - $ - $ 166

Load Boxes onto ERDF Trucks
Forklift 360 |hrs [§ 23.91 440 )% 32.32}1% 868 - $ 142 | § “ $ 228
Forkiift standby 080fhrs |§ 6582 § 518 - 1% - [ - $ S
Protective Clothing 2.00 [sets $ 950 $ - $ 191% - $ - $ 19
RCT Support
RCT 1.00 lea | Costs and Hours covered in ERC Support
Protective Clothing 2.00 |sets $ 950 $ - $ 1918 - $ - $ 18
Mask 1.00 |ea $ 65.00 $ - [ $ - $ 65§ 85
Subtotal: 73.00 $ 2796 [$723891% 2258|% 5685|% 78,028
Sales Tax @ 8.0% $ 5791 $ 579
Totals: 73.00 $ 2796|578180|% 2258]% 585 1% 83819

All High doge concrste structures will be containerized in B-25 boxes

Concrete structures will need to be size reduced to fit into B-25 boxes

Void space In the boxes will be filled with grout (concrete) |

Boxes will be movad and loaded onto transport trucks with a forklift

Material removed at a rate of 35 leyhour

Material demolished at a rate of 50 bey/hour

1'a3Yg
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N-CRIBS ENGINEERING STUDY
Remove LLW Concrete

Unlt Cost Jobhours| Lahor
Description Quantity [Unit| Equip | Material SiC Unlt] Total $ihr Equlp | Material | Labor SIC Total
Demollsh and Remove LLW Concrete -
1301 Crib and Trench 517.00 |lcy
Backhoe w/Shearer 65 |hrs | $ 147.88 $ 958:% - $ - $ - $ 958
Backhoe 1 cy, CAT 235 103 |hrs ($ 8325 $ 9643 - $ - $ - $ 964
Water truck, 5000 gal 168lhrs {$ 36.79 2070 |% 3315|% 618 % - $ 686|% - $ 1,304
Operator 2070 |% 3232({¢ - |$ - $ 669(|% - $ 669
Container Liner 3400fea [$ 22.51 ¢ 7685]% - $ - $ $ 765
(labor in Quseue arga)
Equip Standby
Backhoe/shearer 50 Jtws | $ 37.54 $ .5681% - $ - $ - $ 56
Backhoe 240 |hrs | $ 25.68 $ 62| § - $ - $ - $ 62
Water Truck 390 |hrs |$ 895 $ 3/l - |15 - I $ 35
RCT Suppart
RCT Costs and Hours covered in ERC Support :
Protective Clothing 11.00 |sets $ 950 $ - |$ 105(8 - |s - | 105
1325 Crib and Trench 1,470.9 |lcy
Backhos wiShsarer 1839 lhrs | $ 147,88 $ 2719($ - $ - $ - $ 2719
Backhos 1 cy 2942 |hrs | $ 9325 $ 2743 |% - $ - [ - § 2743
Waler truck 4780 |hrs | $ 3678 5880 % 3315)8§ 1,759 | % - $ 1,849 - $ 3,708
Operator 5880 |5 3232($ - $ - $ 1,9001($ - $ 1,800
Container Liner 9700 [ea, 1§ 2251 $ 2183|% - 1§ - $ - $§ 2183
{labor in Queus atea)
Equip Standby
Backhoe/shearer 420 lhrs | $ 3754 $ i58[(¢ - 18 - |$ - % 158
Backhos 680 Jhrs [$ 2568 $ 1715]$% - $ - $ - $ 175
Water Truck 11.00lhrs {$ 885 $ .| - |% - [ [ 98
RCT Suppert
RCT 1.00 lea | Costs and Hours covered in ERC Support
Protective Clothing 30.00 |sets $ 950 $ - [$ 285|% - |$ - (% 28
Subtotal: 150.00 $13291|$ 390(% 5205(% - $ 18,886
Sales Tax @ 8.0% $ 31 $ H
Totals: 159,00 $ 13,291 | $ 421 |$ 5205|% - $ 18,917
All material will be size reduced and loaded into ERDF centainers| ]
Container will be hauled to a queue araa for pickup by ERDF Trucks
Backhoes will be working on top of the clean working fayar matarial
Material removed at a rate of 50 loy/hour ’
Material demglished at a rate of 50 bey/hour
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N-CRIBS ENGINEERING STUDY
Excavate 1301 Crib

Unit Cost Jobhours | Labor
Description Quantity [Unit| Equip | Material | S/C  |Unit| Tofal §thr Equip Materlal Labor SIC Total
Excavate 1301 Crib
Excavation Duralion: 72.4 |days
Place Clean Working Layer B 1,343.0 jlcy .
Backhoe,2 CY CAT 350 7.5 thes [ $ 10211 920 | $3232 | § 765 | % - $ 297 1% - $ 1,062
Dozer, CAT D6H 75 |s | § 4923 9.20 1 $3232 | § 369§ - $ 2071% B E ] €66
15 oy End Dump truck (2} 150 |hrs [$ 3870 18.40 | $33.16 | § N - $ 610 | § - 13 1,180
Water Truck, 5000 gal 751hrs | $ 3679 920 | $33.15( 8 276 1 § - 1% 30518 - $ 581
Equip Standby lime - N
Backhoe,2 CY CAT 350 t7|hrs [ $ 2852 $ 4313 - 1% - 1% - $ 43
Dozer, CAT D6H t.7 [hrs [ § 10.09 $ 1i71$ - $ - $ - |8 17
15 ¢y End Dump truck (2} 35fhrs |$ 8.08 $ 2818 - $ - |8 - 18 28
Water Truck, 5000 gal 1.7 |hrs |{$ 895 $ 15% - |8 - |8 - 1S 15
Remove Contaminated Soil 19,863 |bcy .
Backhoe, CAT 350 (2 ¢y) . 4706 |hrs | $ 102,11 579.2 | $3232|8 48083 |$ - $ 18720(% - 1% 66,773
Watertruck, 5000 gal - 4706 |hrs | $ 36.79 579.2133315|8 173138 - |% 192008 - ] 36,514
Contalner Haulage Trucks (2} 9412 [hrs [ § 43.24 1,584 | $33.15{% 40697 | % - $ 39401 |8 - 1% 79,098
Equip Standby fime
Backhoa, CAT 350 (2 cy} 1086 [hrs | $ 2552 $ 271113 - $ D k] - 3 2,771
Waterlruck, S000 gal 1086 [hrs | $  B95 $ 9721 % - $ - § - 18 972
Contalner Haulage Trucks {2) 2172 |hrs | $ 948 $§ 2055(% - $ - 1 - b 2,055
RCT Support 1.0 [ea | Costs and Hours covered th ERC Support
Materlals
Protective Clothing 870 |sets § 9.50 $ o 8265 |% - $ - |8 8,265
Masks 73 |ea $65.00 $ - $ - $ - 4745 | § 4,745
Crusting Agent 4,833 |sy $ 0.145 $ - 3 701 1% - ] - |$ 701
Box Liners 1,955 |ea $ 2251 5 - b 44007 | % - b - $ 44,007
Subtotal: 2,362.8 § 113955(% S2973|% 77831 |% 47451 $ 249,504
Sales Tax @ 8.0% $ 4238 $ 4,238
Totals: ) 2,362.8 $ 11395518 57211 |$ 77831 (% 47451 % 253,741
Conlaminated area covered wilh 1 foot of clean soil toprovide a clean working surface {placed at a rate ot 179 ley/hr)
Excavator and trucks work on the clean working layer |
Contaminated materfal and cfean working fayer loaded inte ERDF Contalners and hauled to the Queue Area.
Loading at excavation by CAT 350 backhoe (2.0 cy)
Average contalner availabllity = 27 contalners/day
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N-CRIBS ENGINEERING STUDY

Excavate 1301 Trench

Unit Cost Jobhours| Labor
Description Quantity |Unit] Equip | Materlal{ S/C {Unit] Total $ihr Equip Material Labor SIC Total
Excavate 1301 Trench
Excavation Duration: 65.2 |days '
Place Clean Working Layer 722.0 ficy
Backhoe,2 CY CAT 350 4.0 fhrs [ § 162.11 500{$32321% 4113 - 1% 162 | § - $ 573
Dozer, CAT DSH 40 [hrs | § 49.23 500]1%3232]% 98 [ $ - 1% 162 | $ - § 360
Water Truck, 5000 gal 40 trs | § 3679 500{$3315| § 148 [ $ - $ 166 | $ - 1 314
Equip Standby time
Backhoe 2 CY CAT 350 09|hrs | $ 2552 $ 231% - 18 - $ - 3 23
Dozer, CAT D6H 0.0 |his | $ 1008 3 918 - 1% - $ - ] 9
Water Truck, 5000 gal oolhrs |$ 895 $ Bl$ - 18 - $ - b 8
Remove Contaminated Soll 17,982 |bey
Backhoe, CAT 350 (2 cy) 423.8 [hrs | § 102.11 521.81$3232|8 43274i$ - |$ 16858]% - b £0,132
Watertruck, 5000 gal 4238 [hrs | $ 3679 5216 | $3315|% 15502 | % - |8 v |s - ] 32,883
Contalner Haulage Trucks (2) 8476 [ts | § 4324 10432 [$3315|$ 36650 | % - |$ 345821% - ] 71,232
Equip Standby time
Backhoe, CAT 350 (2 cy) 97,8 lhrs | $ 2552 $ 2496 1% - $ - $ - $ 2,498
Watertruck, 5000 gal 978 |hrs | $ 895 $ 875 % - 1% . $ - $ 875
Contakyer Haulage Trucks (2) 1956 [hrs | $  9.48 $ 18508 - $ - $ - $ 1,850
RCT Suppont 1.0 |ea | Costs and Hours covered ih ERC Support
Materlals
Protective Clothing 783 |sets $ 950 $ - $ 7439 % - $ - $ 7,438
Masks 66 |ea §65.00 3 - $ - $ - $ 4290 % 4,280
Crusting Agent 2,600 |sy § 0145 s - $ 37718 - $ - ki
Box Liners 1,761 lea $ 22.51 $ - $ 396401% - $ - 39,840
Subtotal: 2,101.40 $ 101535|8 47456 (% 69220 |$ 42301 8 22-2.501
Sales Tax @ 8.0% $ 3,796 $ 3,708
Totals: - 2,101.40 $ 101535(% 51252|% 69220(% 4290 | % 226,297
Contaminated area covered with 1 feot of clean soll toprovide a clean working surface (placed at a rate ot 179 loy/hr)
Excavalor and lrucks work on the clean working fayer |
Contaminated material and clean working laver loaded into ERDF Containers and hauled to the Queus Area.
Loading at excavation by CAT 350 backhos (2.0 cy)

Average container avallability = 27 contalners/day
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N-CRIBS ENGINEERING STUDY
Excavate 1325 Crib

Unit Cost Jobhours| Labor
Description Quantity |Unit{ Equip | Matertal | S/C_ {Unit] Tofal $/hr Equip Materlal Labor SIC Total
Excavate 1325 Grib .
Excavation Duration: 47.3 |days
i)
Place Clean Working Layer 2,222.0 Hoy
Backhoe,2 CY CAT 350 12.4 Jhrs 1§ 10211 1930 {$32321 % 1,265 | § - $ 494 1 % - $ 1,760
Dozer, CAT D6H 124 |hrs | & 49.23 15301832321 % 610 % - 1% 448 K 1,105
15 ¢y End Dump truck (2) 248 |hrs | $ 3870 3060 [$3315| % 959 | § - $ 1,014 | § - $ 1,974
Water Truck, 5000 gal 124 [hrs {$ 3679 1530 [$33151% 45 | § - $ 507 | % - $ 963
Equip Standby lime
Backhoe,2 CY CAT 350 29 (hrs [$ 2552 $ 74 % - $ - |8 - $ 74
Dozer, CAT D6H 29|hrs |[$ 1009 $ 2918 - |8 - 1% - 13 29
15 ¢y End Dump truck (2) 57|ws |$ 808 § 418 - | - 1% - 18 46
Water Truck, 5000 gal 291{hrs | & 895 E 26]% - 3 - $ - [] 26
Remove Contaminated Soil 13,042 (hey
Backhos, CAT 350 (2 cv) 075 |hrs [ § 10241 3764 (8323218 31394 (% - $  12230% - 3 43,624
Waltertruck, 5000 gal 30751 | § 3679 3784 [$3315]8 11311}$ - s 125418 - $ 23,855
Contalner Haulage Trucks (2) 6149 [hrs | § 4324 75681833158 26588 (% - |% 2508818 - 1% 51,678
Equip Standby time
Backhoe, CAT 350 (2 ¢y) 710|ws | § 2552 b 1811 % - 1§ - 1% M E 1,811
Watertruck, S000 gal 710 |hrs | $ 895 ] 635 | % - $ . $ - $ 635
Container Haulage Trucks (2) 1418 [hrs |$ 946 3 1342 1% - 18 - 1% - |3 1,342
RCT Support 1.0 lea | Costs and Hours covered in ERC Support
Materials
Protective Clothing 570 [sels $ 950 $ - $ 5415 | § - $ - $ 5415
Masks 48 |ea $65.00 $ - 1% - s - ] 3120 3,120
Crusting Agent 8,000 |sy $ 0.145 § - b 1,160]% - b - ] 1,180
Box Liners 1,272 |ea $ 2251 $ - |% 288331% - 3 k] 28633
Sublotal: 1,580.10 $ 765471% 35208|% 5237218 3120 $ 167,247
Sales Tax @ 8.0% $ 2817 $ 2,817
Totals: 1,590.10 $ 765471% 38024[% 5237208 3,920 % 170,064
Contaminated area covered with 1 foot of clean soli toprovide a clean working surface (placed at a rate ot 179 ley/hr
Excavator and trucks work on the clean working layer |
Contaminated malerlal and clean working layer loaded Inte ERDF Containers and hauled to the Queue Area.
Loading at excavation by CAT 350 backhoe (2.0 cy)
Average confainer availabllity = 27 confainers/day
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M-CRIBS ENGINEERING STUDY
Excavale 1325 Trench

Unit Gost

Jobhours | Labor
Description Quantity |Unit] Equip | Material | SI/C__jUnit] Total $ihr Equip Material Labor 5iC Total
Excavate 1326 Trench
Excavalien Duration: 41.5 |days
Place Clean Working Layer 778.0 |icy
Backhoe,2 CY CAT 350 4.3 |hrs | $ 102,11 5.40 | $32.32 443185 - $ 175 [ § - $ 618
Dozer, CAT D6H 43 [hrs | $ 49.23 540 [ $32.32 | ¢ 24 | $ - 5 1751 % - $ 388
Waler Truck, 5000 gal 43 |hrs | $ 3679 540 | $33.15($ 160 | § - $ 179 1% - $ 338
Equip Standby time
Backhoe,2 CY CAT 350 10 |hrs | $ 2552 $ 2619 - $ - $ - $ 26
Dozer, CAT D6H 1.0 hrs | $ 10.09 $ 101]% - $ - $ - $ 10
Waler Truck, 5000 gal 10lhrs |$ 895 5 91% - $ - $ - 3 9
Remove Contaminated Soll 11,441 |bey }
Backhoe, CAT 350 (2 cy) 260.8 |hrs | § 102.11 3320 [$32321% 27544 1% - $ 1073018 - $ 38,274
Watertruck, S000 gal 2698 |hrs | § 3679 3320183315 |% 9924 | - $ 11006]$ - $ 20,930
Container Haulage Trucks {2} 5395 thrs | $ 4324 6640 | $3315|% 23328 | $ - $ 22012(% - $ 45,340
Equlp Standby time :
Backhoe, CAT 350 (2 cy) 623 [hrs | $ 2552 $ 1,589 | § - $ - 13 - $ 1,569
Watertruck, 5000 gal 623 |hrs |$ 89S $ 557 | § - $ - $ - $ 557
Container Haulage Trucks (2) 1245 [hrs |§ 946 $ 1178 | § - 13 L k) RE: 1,178
RCT Support 1.0 [ea | Cosls and Hours covered In ERC Support
Materlals
Protective Clothing 498 |sels $ 950 $ - § 4731 | § - $ - $ 4,731
Masks 42 |ea $65.00 $ - $ - |% - $ 2730{% 2730
Crusting Agent 2,800 {sy $ 0145 $ . $ 406 | § - |3 - 3 406
Box Liners 1121 [ea $ 2251 $ - $ 252341% . $ - 25,234
. Subtotak: 1,344.20 $ 645981 )% 30371 |% 442788 27308 142,357
Sales Tax @ 8.0% $ 2,430 $ 2,430
Tolals: 1,344.20 $ 64981 |$ 32800 (|$ 44276 |3 27308 144 787
Contaminated area covered with 1 foot of ¢lean scll toprovide a clean working surface {placed at a rate ot 179 loyfhr
Excavalor and trucks work on the clean working layer .
Contaminated materlal and clean working layer loaded Into ERDF Confalners and hauled to the Queue Area.
Loading at excavation by CAT 350 backhee (2.0 ¢y)
Average contalner avallablity = 27 contalners/day
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N-CRIBS ENGINEERING STUDY
Clean O/8 Removal - 1301 Crib and Trench

Unit Cost Jobhours | Labor
Description Quantity |Unit| Exqul Materlal | SIC  [Unit] Totat $ihr Equip Material Labor SIC Total
Excavate Clean Overburden - 1301 Crib & Trench,
I I
Excavate Clean Material not required for Shielding -
Backhos, CAT 350, 2 ¢y 117.78 |hrs | $ 102,11 14500 | $3232|8% 12027 $ - $ 4686 - $ 16,713
Water Truck, 5000 gal 117.78 Jhrs | $ 36.79 14500 | $3315|§ 43331% - $ 4,807 - $ 9,140
Equip Standby time
Backhos, CAT 350, 2cy 27.20 |hrs | $ 2552 $ 6834 ]§ - $ - - $ 694
Water Truck, 5000 gal 2720 s |$ 885 $ 243 | % - 1% - L 243
Subtotal; $ 17297 |8 - $ 9,493 - $ 26,790
Sales Tax @ 8.0% $ - $ -
' Totals: - $ 17,297 |8 - |$ %493 - |3 26,790
Preduction rate = 179.3|leyihr
Volume = 21,118 |lcyfhr
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N-CRIBS ENGINEERING STUDY
Clean Q/B - 1325 Crib and Trench

Unit Cost Jobhours | Labor
Description Quantity |Unit| Equlp | Material| S/C {Unlt] Total $ihr Equlp Material Labor SiC Total
Excavate Clean Overburden - 1325 Crib & Trench,
Excavate Clean Material not required for Shislding
Backhoe, CAT 350, 2 cy 8669 |lrs | $ 102.11 10660 | $3232|% B88521$ - § 3,445 - $ 12,208
Water Truck, 5000 gal 86.69 |hrs | $ 36.97 $06.60 [$33.15|$% 3205|% - $ 353 - $ 6,739
Equip Standby time '
Backhoe, CAT 350, 2 cy 20,00 [hrs [$§ 2552 $ 5101 § - 3 - - |8 510
Water Truck, 5000 gal 2000 |hrs |$ 895 $ 17918 - $ - - 1% 178
Subtotal: $ 12747 | % - $ 6979 - $ 19,726
Sales Tax @ 8.0% $ - $ -
Totals: - $ 12747 | § B $ 8979 B $198,726
Production rate = 179.3}ley/hr )
Voluma = 15,544 |lcy/hr
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N-CRIBS ENGINEERING STUDY

Support Functions
Unit Cost Jobhours | Labor
Dascription Quantity |Unit{ Equlp | Materlat{ S/C |Unit} Total $ihr Equip Material Labor SIiC Total
Support Functions
Duration: 286.4 |days
Dacon/Frisk Station
{.aborers 4.0 |ea 9,165 | $28.45 | § - $ - $ 260739)% - § 260,739
RCT's 4.0 [ea | Costs and Hours covered in ERC Support -
Protactive Clothing 9,185 [ea $ 9.50 $ - $ 8706618 - $ - $ 87,066
Queue Area
Laborers 2.00 lea 4508218628458 - $ - § 130389 |§ - $ 130,369
Read Maintenance
Grader CAT 126G 286.4thrs | $ 3449 286 | $3232(¢$ 9878]% - $ 9256 8% - $ 19,134
Subtotal; $ 98781% B7066]8 400364|% - $ 497,308
Sales Tax @ 8.0% $ 6965 $ 6,965
Totals: - $ 9878|% 94031]% 4003648 - $ 504,273
DeconiErisk and Quaue durations are only the time when concrete panelsfbeams and ERDF soilf concrete containers ara being moved
IRoad maintenance is one hour/day for project duration I | P
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N-CRIBS ENGINEERING STUDY
Mobilization/Demobilization

S1-€ WV

Unit Cost Jobhours
Desaription Quantity | Unit Materlal Total Equip SiIC Total
Mobllization/Demobilization
Facilities
Decon/Frisk Station 1.0 iis )| $82,337 $ - $ $ $ 82,337
Subcontractor Facilities 1.0 |ls $ 41,688 $ - $ $ $ 41,688
Parsonnel Training 1.0 |ls $ - b $ 118,000 | $ 118,000
Equipment Mcb
Backhoe CAT 350 1,00 [ea | $ 1,168 1% $ $ - $ 1,168
Backhos CAT 235 1.00 jea 1 $ 1,168]% § $ - |8 1,168
Dozer CAT D6H 100 Jea [§ $ 4861]$ $ $ - $ 486
Water Truck 5000 gal 100 |ea 18 $ 4858 $ $ - |s 488
Grader CAY 12G 100|ea (§ $ 694]$ $ $ - $ 594
Haul Truck 200 jea | § $ 1,388 § $ - $ 1,388
Forkiift 20000 Ib 1.00 lea | % $ 5901[§$ $ b - $ 590
Crans, 100 ton Crawler 100 Jea |$ $ 2500 (% $ 3 - $ 2,500
Concrete Shearer i00lea |$ $ 590|§% $ § - $ 580
Pickup Truck 200 |ea | $ $ 200|% $ $ - $ 200
15 ¢y End Dump Truck 200[ea |8 $ 13888 $ $ - $ 1,388
Equipment Demob @ 75% of Mob
Backhoe CAT 350 1.00 jea | $ $ 8/8]% $ $ - $ 876
Backhoe CAT 235 i00]ea |3 $ B76|% $ $ - $ 876
Dozer CAT D6H 100ea (% $ 35]|% $ $ - $ 365
Water Truck 5000 gal 1.00{ea |§ $ 3658 $ $ - $ 365
Grader CAT 126G 100 lea | $ $ S2($ $ $ - $ 521
Haul Truck 2.00 |ea | 4 $ 10411% $ $ - $ 1,041
Forklift 20000 |b 100fea | $ $ 4438 $ $ - 1% 443
Crane, 100 ton Crawler 1.00 |ea ] $ 1875]8% & $ - $ 1,875
Concrete Shearer 100 lea {$ $ 443 (% [ $ - $ 443
Pickup Truck 200 jea |$ $ 1501% $ $ $ 150
15 cy End Dump Truck 200(ea |$ $ 1041 | § $ $ - |$ 101
Subtotal: $18652 [ $ $ $ 118,000 | $ 260,677
Sales Tax @ 8.0% $ $ 9922
Totals: $ 18,652 { % 133,947 $ 118,000 | $ 270,599
Pricing from 300 FF Fair Price Estimate

| e |
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N-CRIBS ENGINEERING STUDY
Disposal at ERDF

Unit Cost Jobhours| Labor
Description Quantity |{Unit| Equlp | Material 8iC Unit| Total $ibr Equip [ Materlal | Labor SIc Total
Disposal at ERDF
Panels & Beams |
1301 Crib & Trench
Transportation 2,580,3 Jtons § 1592 $ - $ - $ - § 41078 | § 41,078
Disposal 2,580.3 |tons $ 1359 $ - 1% - I$ - |8 35,066 1§ 35,066
Crane wfopserator and riggers 141.00 |lits $ 4969 $ - $ - $ - $ 70061 % 7,008
1325 Crib & Trench
Transportation 3,452.1 |tons $ 1592 $ - $ - $ - $ 54957 | $ 54,957
Disposal 3,452.1 $ 1359 $ - $ - $ - $ 46914 | § 46,914
Crans wloperator and tiggers 346,00 {hifts $ 49.69 $ - 5 - $ - S 17,193 { § 17,193
High Dose Concrete
1301 Crib & Trench
Transportation 275.00 [tons $ 15.92 $ - 5 - $ - [ 4378 | % 4,378
Disposal 275.00 {tons $ 13.59 $ - $ - $ - $ 37371 $% 3,737
Crane, operator and riggers 55,00 |ea $ A49.69 $ - $ - $ - $ 27331 % 2,733
1325 Crib & Trench
Transportation 160.00 ltons $ 1592 § - 5 - $ - $ 2,547 | $ 2,547
Disposal 160.00 jtons $ 13.50 $ - 5 - 5 - $ 21741 % 2,174
Crane, operator and riggers 32.00 {ea $ 49.69 $ - $ - $§ - 1I$ 1,580 | § 1,590
LLW Concrete
1301 Crib & Trench
Transportation 654,30 jtons $ 1592 $ ~ 1% - ' - |% 104161 10,416
Disposal 654.30 |tons $ 13.59 $ - 5 - $ - $ 88921% 8,852
1325 Crib & Trench
Transportation 1,861.6 Jtons $ 1592 1 - § - $ - $ 29637 | $ 28,637
Disposal 1,861.6 (tons $ 1359 $ - $ - $ - $ 25298 | % 25,299
Contaminated Soll and Boulders
1301 Crib Soils and Boulders ]
Transportation 37,730 jtons $ 1592 $ - 5 - $ - $ 600662|% 600,662
Disposal 37,730 |tons $ 1359 $ - [ $ - $ 512751 % 512,751
1301 Trench Soils
Transportation 33,986 |tons $ 1592 $ - $ - $ - $ 541,057 |$ 541,057
Disposal 33,986 jtons § 1359 $ - $ - $ $ 461870(% 461,870

1 A0y
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N-CRIBS ENGINEERING STUDY
Disposal at ERDF

1325 Crib Soils

Transportation 24,649 |tons $15.92 $ 32412 |§ 392412
Disposal 24,649 |tons $ 1359 $ 3349680 [ § 334,980
1325 Trench Soils

Transportation 21,624 ltons $ 1592 $ 344,254 1§ 344,254
Disposal 21,624 Jtons $ 1359 b 293870 |$ 293,870
Subtotal: L $ 3775475 | $ 3775475

Sales Tax @ 8.0% $ $ -
Totals: $ 377547518 3,775475

Transportation and digposal rates ara ERDF life cycle costs without DD aand G&A.

Units rate for crane operation In ERDF includes crane, operator and 2 riggers aat 21 lifts per day.

1 A9y
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N-CRIBS ENGINEERING STUDY

ERC Support
Unit Cost Jobhours| Labor
Description GQuantity |Unit] Equlp | Material Sic Unit| Totat $ihr Equip [ Materlal Labor SIC Total
ERC Support
Duration: B 317.9 (days ,
ERG Support Personnet
Project Controls 8] 2,543 [ $55.16 - $ $ 140261 [ § - $ 140,261
Procuremeant 1 318 | $46.91 - $ |3 14910 | % - $ 14,910
Task Lead 8] 2543 [%5027(% - $ $ 190,7i21% - |8 150,712
Project Engineer 8] 2543|%6403[% - |$ $ 1628151(§% - $ 162,815
Health Physics 5| 1568935552 (% - |§ § 88235|% R 88,235
Admin 4 121185278218 - % $ 353704% - $ 35,370
Safety & Health 35 1,412 $5552 |8 - $ $ 61,765|% - E 61,765
Rad Con Suparvisor 0.5 15918555218 - |§ $. 8824|% - 1% 8,824
Field Support 8] 2543]%54059)8 - 1% $ 126097 | § - $ 126,097
Rad Con Engineer 3 954 [ $5552 (86 - $ $ 5284118 - 1 52,941
Sample & Data Management 22 7142015492218 - $ $ 350435 (% - $ 350,438
Rad Control Tech Support
Concrete Panels & Beams
1301 1,00 |ea 58081 $5167 | % - L] $ 30010|% - $ 30,010
1325 1.00 |ea 5032} %$5167{% - $ $  26000(% - $ 26,000
High Dose Concrete
1301 1.00 |ea 10.2{$5167 |$ - $ $ 527 1% $ 527
'1325 1.00 {ea 44 /85167 % - $ $ 22718 - 18 227
LLW Concrete
‘1301 1.00 fea 207 | $5167|% - $ $ 1,070 | % L 1,070
1325 1.00 Jea 588 | $5167j% - 1§ $ 3,038 | % - $ 3,038
1301 Crib & Trench
Crib 1,00 |ea 579.2 | $5167 |8 - $ $ 209271% BE: 29,927
Trench 1,00 |oa 5216 | $5167 |§ - $ 2695118 - s 26,951
‘1325 Crib & Trench
Crib 1.00 |ea 3784 | 851867 |8 - $ $ 195521% - $ - 19,552
Trench 1.00 |ea 332.0|$516718% - (8% $ 17154 |8 - $ 17,154
Support Functions
Decon/ Frisk 4,00 |ea 91648 [$5167 (% - |§ $ 47354518 - 3 473,545
Sample Analysis 1.00 (ls $ 500,000 $ - $ $ - $ 500,000 | $ 500,000
Subtotal: $ - |$ $ 1,820,371 [ & 500,000 | § 2,320,371
Sales Tax @ 8.0% $ $ -
L. -
Totals: - $ - $ $ 1,820,371 |8 500,000 | § 2,320,371
Unit hours/day for overhead personnel supplied by Project Team

Duration includes Goncrete structure removal, contaminated soits removal and overburden rentoval

Rad tech hours tie to the individual tasks I 1

[
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